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(54) Title: SMART BATTERY DEVICE 



(57) Abstract 

A smart battery device (10) which provides elec- 
trical power and which reports predefined battery param- 
eters to an external device having a power management 
system, includes: at least one rechargeable cell (26) con- 
nected to a pair of terminals (31 and 32) to provide elec- 
trical power to an external device (28) during a discharge 
mode, and to receive electrical power during a charge 
mode, as provided or determined by remote device (28); 
a data bus for reporting predefined battery identification 
and charge parameters to the external device; analog de- 
vices for generating analog signals representative of bat- 
tery voltage and current at the terminals, and an analog 
signal representative of battery temperature at the cell; a 
hybrid integrated circuit (IC) (32) having a microproces- 
sor (50) for receiving the analog signals and converting 
them to digital signals representative of battery voltage, 
current and temperature, and calculating actual charge 
parameters over time from the digital signals, the cal- 
culations including one calculation according to the fol- 
lowing algorithm: CAPrem - CAPFC - EldAtd - Els At 
+ EecIcAtc wherein ec is a function of battery current 
and temperature; and Is is a function of battery tempera- 
ture and CAPFC. Superimposed on mis equation is reset 
logic, that self corrects the CAPFC with a capacity cal- 
culation at each full charge (EOC) and each end of full 
discharge. 
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1. 



Field of < -, he inven tion 



The pfesent invention relates to nen- 

the art of »rh 3 , w, es to generally to 

or rechargeable batteries ann m 

5 to a smart batterv eUes and more specifically 

having power manT intelli ^t device 

power management capabilities th. • 

■ — «t battery apparatus L control! Jo tH """" *" 
of rechargeable Nicxel „« al „™ "^L' ° ° Per " l0n 
Cedmlum (mead) batteries .J , . ' ° r NiCkel 

10 reporting o£ accural f"' lke ' t0 enabl « th « 

device £ „ r POweH." i " £ ° r ' M "°" '° «° intelligent 

t c th. batt^*, r; ; M char9e contro1 

tary a state of charge and chemistry. 
J - P*°°rlptlon nf th. „ 

devices sucras'note'bo 0 ?"' 61 " 9 '" PC "" b1 ' «^««nlc 
cellular J noteb °°* computers, video cameras, 

^: eao r:: t -.ir:;:: r dev9iopme " ° £ — 

intelligent device r " communicate „ith the 

20 . the battels preset T """"^ In£ —»°" - 

recharge cL ba« Ch8r9S ' h °" "est to 

th... \ """"l' " maintain maximum batterv 

^r" 1 : M9heSt — '» ° £ =narge-di,c„arge ' ■ 
<-ycxes. a user of such ini-e.ii- y 

utilizing such t ' H""' deViC6S 

25 much charge is left in the * t^ Z, be t ""^ h °" 

at various rat^ of «tery, but battery run time 

™ , ^ ° f P ° Wer «n.u»ption. This enable, ... 
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user to se i ect a -—F^on. Tnis enables 

maximum « . , " 'I 7""°" " U1 

a--. ho„ 10 „ ; h 1 : e ' l;:::;" 3 s " te of char9e 

vtce wij.1 continue to operate. 
Prior art rechargeable bathe™ * 
provided with mean* * battery units have been 

informal generating some desired 

information to their users, including for instant 
charge monitor and f ue i gauge such J ^ 

' PatSnt N °- 3.313.22. which discloses a «.th^ 
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■ * 

calculating state of charge and reporting run time to 
1 empty to the host computer system. 

However, there is a need for a rechargeable 
power unit that will accurately maintain its own state 
of charge information even when nominally fully 
5 discharged such that a user will have instantaneous 
access thereof. Moreover, there is also a need for an 
intelligent rechargeable battery that can provide the 
user with an accurate prediction of its remaining 
operating time at various levels of power consumption. 
The user of such an intelligent device, such as a 
portable computer, can thus elect to power down a hard 
disk drive to extend the operation of the portable 
computer for a longer period of time than would had been 
possible at the higher rate of power consumption. 

15 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present 

invention to provide a smart battery device for use with 

a rechargeable battery to be installed in a host 
2q computer that will optimize the performance of the 

rechargeable battery throughout its life cycle. 

It is another object of the instant invention 

to provide a smart battery device that includes a 

microprocessor for controlling a rechargeable battery 
25 that performs battery capacity calculations for 

communication to a host computer device. or a smart 

battery charge device. 

It is still another object of the instant 
invention to provide a smart battery device that 
3q includes a microprocessor for controlling a rechargeable 
battery and that provides intelligence' in the form of 
present state of charge and battery charge parameters to 
a host device for communication to a smart charger. 
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It is yet still a further object of the 
■ inclT nti ° n tG Pr ° Vlde a ~~ ****** d ev ice that 

oattery that monitors batterv n Derat( „ rt „ y 



Still yet another object of the instant 

"eludes 011 ^ ^ Pr ° Vlde 3 Smart battS ^ tit 
battel 8 ,! : iC 7 r ° CeSS « «* controlling a rechargeable 
10 tlltl . ^ulates predictive data such as thl 

battery's remaining life at the current rate of drain 
and at alternate rates of drain. 

invention 11 *' ' '""^ ° bjeCt ° f th * ins ^nt 

applied P 6 3 Smart batt6ry device th « ^ an 
15 application specific integrated circuit (ASIC) havinc 

analog and digital components. " 9 

invention ^f*™ 0 " ' anoth « ^Ject of the present 

incTud Pr ° Vide 3 Smart batte ^ dev -° that 

includes an analog to digital {A /D) converter for 

currenr 9 Char96 Such - voltage, 

currant, and temperature. 



Yet still another object of the present 
invention Is to provide a smart battery device having an 
A/D oonverter with a single positive power supply that 
2 * Posit! ° £ ° Pe " ti0 " '« "nvertl„g P ooth 

batterv 6 r " e9 " 1Ve anal ° 9 Si9nalS "P««ntlng 
battery charge and discharge currents, respectively 

„„„,, A " 0thCr ° b3ect ° £ instant Invention Is to 

Ptoyrde a smart battery device as above wherein the 
analog and digital components ot the ASIC comprise CMOS 

ZTTTr " Chn0l ° 9y daSl9 " ed *« --racy 
end hl gh A/D converter resolution with minimal power 

consumption. ^ r 
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Still another object of the present invention 
^ is to provide a smart battery device having a 

microprocessor such that, when nominally discharged, 
will place itself in a sleep mode with virtually no' 
power consumption. 

5 Yet a further object of the present invention 

is to provide a smart battery device that includes a 
microprocessor with RAM memory, and comprises means for 
retaining RAM memory contents when the device is in 
sleep mode. 

10 Yet stil l a further object of the invention 

is to provide a smart battery device that comprises 
short circuit protection means for preserving RAM memory 
contents when battery is temporarily short circuited. 

Another object of the instant invention is to 
provide a smart battery device that includes a ROM 
memory that is manufactured by a process that 
facilitates the programming of ROM in an upper or 
respectively later produced layers. 

Yet furthermore, an object of the instant 
invention is to provide a smart battery device that 
includes a ROM memory device whereby the programming of 
ROM is effected in a metal mask. 

Furthermore, an object of the instant 
invention is to provide a smart battery device having 

25 incorporated therein an error treatment algorithm, for 
taking into account measurement errors, interpolation 
from look-up tables, etc., wherein the errors are 
considered to be a function of time." It is contemplated 
that if a total error is larger than a predetermined 

30 value ' certain operating modes are disabled, and, in 

particular, variables are substituted by default values - 
to result in a smaller error. In case of displayed 
information, such as LED battery pack display, the error 
can be additionally taken into account, for e.g., a 
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end criterion for d«*-«-« 4 Produced, the 

tor determining end of rha, 

may be changed, for - n charge condition 

' r e -9-/ using -dU insteaH «... 

influenced criterion instead of the error 



5 These and other objects of the 

invention are »<-+•= • present 

, " are att ained with a smart batterv 
provides electrical power and which rtH 7 WhlCh 
battery palters to an external l^r""- 
management system, wherein the batter, ;^::/ ^ 

10 to a pair of^erm'nT ^ rSCha ^ eable ~U connected 
external device^ : a dfT^ to an 

electrical power dur 1 \ ^ ^ ^ reCeiv * 
determined b'y ll'T^* ~ - ™ed or 

15 battery identified ^ r6P ° rtin9 ^^ed 

external ^i ce n ^ to the 

(c) an analog means for oenerai-inrr ^ i 
si 9 na ls representative o £ batterv vL"" \' S 
20 »ald terminals, and an anal .w,"*! " 
battery temperature at said cell o £ 

-=r=prc=ess d ir%cTr r t= d ei l :::r:r ; circuit <ici ^ •■ 

==nvertln g t h e ra to ul'l. ' Sl9 " alS 

batterv von-„„ ai 9ital signals representative of 

25 calcuiltin actualT" ^ *** 

^gital signals sai " r9 r PMMt *" ^ time from said 
calculation™ " 1CUlati0nS including one 

cap, : CAP ! i: t followin9 aigorithra; 

wherein . 7s a ' + S€ « 1 «* t - ' 

10 t« m „ . fUnCtl ° n of ^ttery current and 

temperature; and I. is a function of ' ™ 
and CAP , cattery temperature 
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ir fo . 8 data mem0ry defined Within said hybrid 

IC for storing said Dredef(noH Kmtofc "ycrid 

predefined battery identification ' 
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and actual charge parameters, even when nominally fully 
discharged, said charge parameters including at least 
full charge capacity and remaining capacity, 

(f) a bus controller defined within said 
hybrid IC for sending battery messages to said remote 
device over said data bus, said messages including said 
predefined battery identification and said actual charge 
parameters. rge 

Superimposed on this equation is reset logic 
to be explained below, that self corrects the value of' 
CAP rc with a capacity calculation at each full charge 
(EOC) and each end of full discharge. 

Further benefits and advantages of the 
invention will become apparent from a consideration of 
the following detailed description given with reference 
to the accompanying drawings, which specify and 
illustrate preferred embodiments of the invention. 




Figure 1 is a diagrammatic block diagram of a 
smart battery device connected to a host computer and 
battery charging device. 

Figure 2(a) is a simplified block diagram of 
the smart battery device and connector, including a 
Pinout diagram of an Application Specific Integrated 
Circuit (hybrid ic) used in the present invention. 

Figure 2(b) illustrates a simplified block 
diagram of the hybrid IC 32 that includes the 
microcontroller of the smart battery device of the ' 
instant invention. 

Figure 3 is a general flow diagram 
illustrating the primary functional features of an 
algorithm and method for controlling the smart battery 
device of the instant invention. 
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Figure 4 illustrates a general schematic 
I dia g«m of the A/D converter 50. 

Figure 5(a) illustrates a schematic sketch of 
dc voltage. shifting circuit arrangement. 

. . M Fi9Ure 5 < b) ill^trates a second embodiment of 

. the dc voltage shifting circuit arrangement. 

Figure 6 is a schematic sketch of the circuit 
arrangement in the A/D converter 60. 

Figure 7 is a phase diagram in the operation 
of the A/D converter pursuant to Figure 6. 

Figure 8(a) illustrates the timing of the 
operating cycles under normal and sample mode operatino 
conditions. 9 

Figure 8(b) illustrates the approximate time 
durations for the various measurements per operatino 
cycle. ** y 

Figure 9(a) illustrates a schematic sketch of 
a sample transition arrangement for the ROM included in 
the smart battery device; and 

Figure 9(b) is a schematic sketch of the 
transistor arrangement of an ROM programmed pursuant to 
the prior art. 

Figure 10 is a detailed schematic of the 
power-on reset 85 and RAM de-latching circuit 85'. 

Figure 11 illustrates a detailed schematic 
diagram of the comparator wake-up circuit 80. 

Figure 12 is a flow diagram illustrating the 
1UT (current, voltage, and temperature) calculation 
program 2 00. 

Figures 13(a) and 13(b) are flow diagrams 
illustrating the sequential processes 151 programmed in 
the microprocessor for calculating the current capacity 
and the amount of battery self discharge for the smart 
battery of the instant invention. 
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Figure 13(c) illustrates the integration 
program 400 for calculating the amount of battery charge 
or discharge flowing into or out of its terminals. 

Figures 14(a) through 14(c) are flow diagrams 
illustrating the sequential processes 500 programmed in 
the microprocessor for determining battery end : 

conditions when the battery is in a capacity increasing 
state. 

Figure. 14(d) illustrates a flow diagram of the 
learn number of cells program 700. 

Figures 15(a) and 15(b) are logic flow 
diagrams illustrating the sequential processes 600 
programmed in the microprocessor for determining battery 
end conditions when the battery is in a capacity 
decreasing state. 

Figure 16 illustrates a logic flow diagram of 
the handle request routine that is invoked when there is 
communication between the smart battery and the host 
computer or battery charger. 

Figure 17 illustrates a detailed logic flow 
diagram of the write block routine for writing data to 
the smart battery. 

Figure 18 illustrates a detailed logic flow 
diagram of the read block routine for reading data from 
the smart battery. 

.- ; Figures 19 illustrates a flow diagram 
describing the logic steps invoked by the smart battery 
system when broadcasting an alarm condition to an 
external device. 

Figure 20 illustrates a logic flow diagram 
describing the steps invoked by the smart battery system 
when broadcasting a charge condition to a battery 
charger. 
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desc ri M„ 0 F t T re " 111UStrates ■ logic flow diagram 
describing the steps invoked by the smart h,«-«. 

when broadcasting a message. SyStem 

representa^r:, ^ £ " 'TT™ 1 ™ ~« 

or xook up tables that depict nroH*^ ^ 
residual caDartt-,, . i pACt predicted 

5 ..... ai ca Pa<=ity values as a function of discha™^ 
current and temperature. discharging 

Figure 22(b) is a three-dimensional aranh , r- 
representation of look up tables that depict the f 
of self-discharge current (vertical axisf a S a f 
of relative battery state u function 

ttery state of charge and temperature. 

renra , Fl9Ure 22(c > is a three-dimensional graphic 
representation of charge efficiency look-up tables 
showi charge efficiency factQrs ^ a f P If 

lZl^T e of char9e - ch ™ «~' - 

graphs a InlT " 1UUStrates V voltage versus time 
charge r^^l^T' «Paclty 
a six (i) c:iTbat t e;^ diSChar9lng <™ ~« 

^^^ggEimOILOF THE PREPKPPPn 



invention ( deViCe ° f the P*~»t 

devlc c S a n With ^ inte ^^ent host 

25 - came" ^"^J 0 ^ 1 !- C ° >l|,UtMf f- 

bus and a smart char ^ ' SyStem ~^~»t 

Smart cha rger, or an intelligent host device 
having a system power manager that can receive and send 
data over a system management bus. 

30 ... A re P"sentative example of such a system is 

illustrated in tt,-„ n , * 62,11 is 

3 in Fl 5- 1/ wherein the smart battery in ie 

electrical energy over the power plane, end a system 

14 • *• a M-directional J ait Z 
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I2C data bus (communication interface) that communicates 
L with^a host device 16 which may be a portable computer. 
The host device 16 may be powered by the smart battery 
10, or by the system power supply 18 and a conventional 

systeTlL 20 * A SYStem P ° Wer SUPPly ° r P ° Wer -nagement 
. system also communicates with a smart charger 22 which 

to determine the rate and du ™ - ^ 

sent to the smart battery by the power supply. Sraart 

bus"!! 17 22 H alS ° COnUnUni " tes with "» system management 
ous 14, and may receive a temperature signal " 

representative of batterv cell comnn.^ 

tcery ceii temperature on a separate 

line feed 24. a detailed functional description of the 
system management bus 14 (bi-directional modified I2C 
data bus) can be found in the Intel\Duracell System 
Management Bus Specification, Rev 0.95, (April 1994). 

The system power management system 18 may 
supply or draw power to/from the smart battery 10 over 
power plane 12, depending upon the state of charge in 
smart battery 10, and depending upon the presence or 
absence of power at AC source 20. 

The smart charger 22 may periodically poll the 
smart battery 10 for charge characteristics, and adjust 
output to match a smart battery charge request 
Optionally, and if selected by the user of the host 
device, the smart charger 22 can override the smart 
battery's charge rate request and charge the smart 
battery at a higher or quick charge rate. The user of 
the host device does not necessarily need to override 
the smart battery -s request. As will be explained in 
greater detail below, the smart battery may periodically 
broadcast the desired charging current, or the smart 
charger 22 polls the smart battery for a charging 
current. The host or the charger need not comply with 
the smart battery's request and can provide a greater or 
lesser amount of power than requested. 
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The host device 16 may communicate with tho 
request information from the battery for use in the 

us y e s r : f p :: er h management scheme ' tm 

user of the host device with information about the 
5 battery s present state- -and capabilities. The host 
de V i ce 16 wlll also receive notlce o£ * ^ 

including alarm conditions, remaining capacity below I 

us 8 ;: ;:: tt? vaiue - a ™^ ™ — y : : 

ThTal threSh ° ld ^« « end of discharge signal 

10 LercL 1 COndltl ° nS inClUd6 *" " 0t "»*«^ to 

overcharging, over temperature, a remaining charge 

capacity below a predetermined or user set capacity or 
reining! ^ ' ~ "~ set run tL 

instantaneous current value being drawn from the 

lnter V I; s CU ! rent ValUeS i« time 

intervals, present temperature and present voltage. 

20 or k ^ SmSrt batter y ^7 also report out a number 

e t;:;? tu : < ^ CMng ^ r 0 ?z 

coll!! " ar9ing ° r disch «^"^ that charging is 

complete, or, that the battery is fully discharge! 

m-i w ^ additl0n ' lt: ca * Provide calculated values 

^ TlTtT rer,alnin9 ^ 3 PrSSent C — "sag!, 

Vrun time remaining at an average current use, a run 

rurtiTr nin9 " ° Ptimal US6 ' * ^"^-ed 

run time remaining at a host device selected current 

level (discharge rate). 

30 with a ra IT r art batt6ry dSVice 10 * s provided 
with a read-only memory (ROM) that is manufactured to 

contain a- set of predefined battery identification 
parameters which may include manufacturer data cell 
chemistry, design capacity, design voltage, and a unique 

35 
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device identification number. The predefined battery 
^ identification parameters are available, for either the 
host device or the smart charger, to assist them in the 
selection of optimal usage and charge parameters for the 
smart battery. 

c ~ The smart battery is also capable of 

recommending a desired charge current, reporting a time 
remaining to full charge, a battery capacity available 
at full charge, and the number of times the battery has 
been charged or discharged. 

10 The smart battery of the present invention 

utilizes a hybrid integrated chip (IC) containing an 
embedded microprocessor and a novel analog to digital 
converter which receives analog signals from the battery 
and converts them to digital signals representative of 

15 battery voltage, current and temperature. The smart 
battery microprocessor then calculates actual charge 
parameters over time from these digital signals 
according to a predetermined algorithm in Which CAP r „ is 
the remaining capacity of the battery which is 

2q continuously assigned a new value to reflect adjustments 
for effective charge, discharge, and self discharge. 

The charge delivered to the battery is 
measured, and adjusted by an efficiency factor which is 
a function of current, temperature, and relative state 
of charge, it should be mentioned that the remaining 
capacity, CAP^, and the relative state of charge, SOC, 
represent the same thing (remaining battery capacity) 
and differ in that relative state of charge is indicated 
as a percentage of the last full charge capacity. The 

30 ° harge ef ficiency is a value determined as a function of 
the above variables and may be derived from a look up 
table, hereinafter described with respect to Figure 
22(c), or calculated from a formula which provides a 
stepwise approximation of charge efficiency behavior, 

35 
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depending upon curronf 

y pon current, temperature and state of r-h. 
. It is understood that- *-h^ ^ e of c harge. 

1 ^ nat the ch *rge efficiencv f^*~ 

be obtained fVr. m ^ enc ^ factor can 

axned from a response equation or internol^- 
between several Ani: erpolation 
several different values stored in memory. 

Likewise, the remaining batterv ,1 
5 is decremented by the measured dLcharof t * ™~ 
A predictive modei of residual L^r/^".^ ^ 
expected cap „ K iCies determines 

f >-i-bu LAF rM for a present current ar,n - 
This predictive mnrfol , current and temperature. 

Fi-euictive model may also estimafo .,u 
voltage will dT -™ *. estimate when the battery 

age win drop to a predetermined cut-off volt.™ * 
the present r-«f^ . . , ° £I voltage for 

10 ^ nt rate of discharge. This t-=o < ^ 

model may be calculate , residual capacity 

y oe calculated from a formula or obtatnow * 
a look up table «h«~K . , obtained from 

P taoie, which includes values of residna, 
capacities as a function ma residual 
temperature. ' diSCha ^« current and 

15 self discha'rge^'^elf^ ^ * 

scnarae - Self discharge is calculated as a 

function of temperature and state at r.^ 

always subtracted from CAP l a 9 *' 18 

battery is discha™- re9ardles ? of whether the 

-y b^rived JroITx 0 "^ 1 " 9 ' S " lf 

20 of identical celHhLiT " P t3ble ° f -dels 

as a function If t y ^ P?-diCt Self ^scharge 

xunction of temperature and state of charno 

be calculated by the microprocessor. * ' " *** 

detail, CAP" Tt 11 T herelnaf ^ 6Xplained - neater 
^ ail, CAP pc i s a learned value which is self r. n 

because of reset logic incorporated in the! J™'" 9 
algorithm. The capacity algorithm ^Tl^Z ' 
types of end of charge {E0C) signals , including a 
negative voltage slope at a f m i ~h 
. „ a Aope at a full charge voltaoe a 

temperature rise that exceeds a ! • 

3 „„, , exceeds a predetermined rate » 

calculated cf af „ _ _ . *ate, or a 

ated state of charge that is equivalent 

100, to X50V Ci t h e previous Rvalue! « an 

= h ^in 9 current has been used, or a hlgh 
^perature liml t value.. „ h en one o £ tne U „ ' te „ o£ 
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the above four types of conditions is encountered, the 
reset logic resets CAP,,, to the previous CAP, C value, 
sets a fully charged status flag, and, signals the host 
device and charger to terminate charge. if the high 
temperature limit is reached, only a signal to terminate 
-charge is invoked. 

The charge algorithm terminates its 
integration of the present discharge state when it 
reacts to an end of discharge (EOD) signal between 0 9 
volts/cell and l.i volts/cell and preferably 1.02 voits 
per cell. At that point it resets CAP r „ to a new 
learned value of residual capacity, as determined from 
the integration of the discharge current, as a function 
of discharge current and temperature. 

As will be hereinafter explained in greater 
detail, the reset logic will reset CAP,, as a function of 
which EOD signal was acted on. Thus a new CAP FC value 
for the smart battery's actual capacity is learned after 
each full discharge cycle, as a function of the last 
fully integrated battery discharge cycle. The smart 
battery 10 of the present invention is thus able to self 
correct CAP FC within one full cycle to readjust its 
capacity at each EOC and EOD, and effectively relearn 
full battery capacity within a single cycle, even if all 
prior battery history has been extinguished by virtue of 
a catastrophic memory failure . The smart battery of the 
present invention is therefore able to accurately 
predict actual capacity, and typically is able to 
correctly predict the remaining run time to empty within 
a few minutes for a 2400 maH battery. 

Smart battery 10 of the present invention is 

more fully illustrated in Figure 2(a) which is a 
simplified block diagram of the smart battery, an 
advanced design multi-pin connector, and a battery 
module 28 which includes a pinout diagram of the hybrid 
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Tnl" ~* " ±n ^ P " S ° nt Mention. Asill f 
1 ln 2(a), the smart batt.™ „ illustrated 

Plurality of rechargeable cei ls " InClUdes * 

V "hie, may be N i=L"et" Hv Z T" lndiC "«< « 
Cadmium ( B i Cad) c „ Us "* tal "^ride (NiMH) or Nickel 

5 limiting e^p": In'cTf » *" " 1USt «"« *« not 

«"« having a n^inal 24 o LT" 9 SPSCi """-> « «« 
assumed, such an .„ „ " T wl " »e 

appropriate £ or powe^!. iS Particularly 

r powering a portable computer 
10 A suitable advanced 

connector 30 is used to connect the 

host device „ or power ^ J«« °««ery to a 
escribed with respect to 11,11 [ B 
connector 30 includes a positiv! „ " Ul "-Pln . 

15 31 "hlch is connected t.^ f '"^ ' UMllr «»»'l 
15 first cell, and s negative ° '""""al 0t •«*• 

»hl=h is connected to "! tenl '"' 1 " 

«»• A plurality tetmlM1 ° £ 

connected in sen.. ' r ' Char 9 ea '>le cells may be 
so "arebetween as illustrated in 

- 3, co„ta^„Ta r \L":::L:s o s d :r 50 28 ^r ciud " - 

Plurality « sensor means for" ' 2{b " »"° a 

representative of battery voLI™"" 1 " 3 anal ° 9 Si » nals 
_. temperature. The mon , , aS *' current and 

S5 (4, LEDS 3, dr^enCan ^^""r * " 
-Itch 33 which may I ma^u ^I"" 
to determine the stat. „« / actuated by an end user 

■ the battery module L ^n «•» 

30 oavice u. The LEDS 3< £ £ aa *™ from the host 

relative state of rta "Present a 

follows: if th^sf r 9<? (S0C) ^ 9 -heme as 

— 100%) tL;tr 4 \\T a :i 4 ~ r than 75% (or 

. SOC is from 50* to 75% J , "lununat^d, if. the 

75%, then 3 LEDS are. illuminated; lf 
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SOC 11 T m t0 5 ° % ' 2 LEDS are ^™i„ated; if 

1 if SOC IT! 1° 25% ' 1 LE ° 13 "^inated, and 

if SOC is i ess than 10%f a g LED is fi ashinci As 

mentioned above r-*»i , ning * A ? 

relative - T relative SOC is remaining capacity . 
relative to last full capacity. 

5 ASIC 32 ? h ° Wn ^ Figures2 < a > 2(b) / the hybrid 

ASIC 32 also includes an external crystal 36 operating 
at a f ixed frequency is used ^ a oper i 

integration of battery current over time, and to ensure 
stable start up after a prolonged standby period wheT 

10 LTt e e r "f e tT lied t0 ^ Smart »- - « 

o^ill^jL r S6nt inVenti ° n Utlli26S tW ° Se **«'e 
!h J ! 8 POW6r RC osci ^ator_48 formed within 

the hybrid IC 32 and used as an operating dock f^ tne 
hybrid c and the A/D converter 60 therein, and, the 

15 In Z C T tal ^ ' ^ Wil1 bS he " ina£t « ascribed 

restlrt Ik ' ^ SXt6rnal 36 ls - 

Interval to Perl0d «".r each predetermined 

interval to provide for accurate measurements and 

integration of battery conditions, regardless of batterv 

20 th7r: tUre ' WHiCh ^ VerS6ly a " ect th ° -curacy of 
the internal oscillator. The frequency value of 

external crystal 36 may range from 10kHz to 66 kHz 

preferably at 32 kHz and the frequency value of 

oscillator 48 may range from 450 kHz to 460 kHz 

25 cost hiah The T ZLd IC 32 lnClUdeS a MIKRON GmbH low 
cost high performance, CMOS 8 bit microcontroller ( „ P) 
30 with an advanced Rise architecture. A reduced set of 

x e"; r L Cti ° nS Sin9le ^ '-ructions 

(except for program branches which are two cycles) anH 

a Harvard architecture scheme achieves a high live! of 
performance with minimal power drain. The 
nucroprocessor operates at a clock input anywhere from 
DC to 10 MHz with 12 bit wide instructions and 8 bil 
wide data path, a free programmable Counter/Timer 



30 
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circuitry is provided as well a* * 

w«trhH n ^, free Programmable 

1 Watchdogtimer. Additionally, the microprocessor is 
addressable in direct (n ,^ ' 

modes The ^rect, and relative addressing 

modes. The microprocessor 50 is commercially available 
from Micron Gmbh, located at Breslauer strapl 13 t 
85386, Eching, Qermany, and is available in the u's A 
through MICROCHIP Technology, xnc. Chandler . S " A 

The hybrid ic 32 also includes a plurality of 
analog cxrcuits which are used, in combination with 
external analog sensors, to generate digital signals 
1Q representative of battery voltage, current and 
temperature, as will be hereinafter explained. 

voltanp . exam P le ' ™ shown in Figure 2(a) battery . 

voltage is obtained from a voltage divider circuit wnlch 
includes Hi and R2 which are internally switched by a 
15 NMOS transistor within the hybrid ic 32 to provide 
voltage measurement during a small portion of each 
measurement interval , thereby minimizing current drain 
on the battery cells 26. 

The measurement of battery temperature is 
2q accomplished with an NTC- thermistor , illustrated as 
in Figure 2(a), which varies resistance as its 
temperature varies. A resistor R3 is connected in 
series to form a voltage divider circuit between 
V, (negative analog power supply voltage) v , (the 
t-perature voltage input) and W wh/ch is^a lefer.nce 

Z rirAS^c 1 ^ 6 ' t0 therraiS ~ t0r m b y the 

nyoria ASIC 32 at Din v mu« 4. 

^ p:Ln rctt • The temperature voltage 
input is measured at V accm-Hi™ *u * 

according to the followina 
formula: y 

OA V TBip = R3 XV 

wherein the NTC1 value may be 10 kohms at 25° C and 
varies with temperature. . If desired, a look-up table 
with a plurality of temperature values and a plurality 

35 



R irrci 



WO 96/15563 PCT/US95/14543 

-18- 

of v ™p values may be defined to calculate the battery 
1 temperature, and between these values, the temperature 
is, linearly interpolated by the microprocessor within IC 

The measurement of -battery current is measured 
5 thr ° U i h a Shunt " s ^tor, illustrated in Figure 2(a) as 
*.»»«/ that is connected in series with the battery cells 
and negative terminal 33 of cell pack 26. The shunt 
resistor is of small value, but may range anywhere from 
1 mohm to 200 mohms depending on the number of cells and 
1Q expected usage of the battery. The voltage drop across 
the shunt is sensed between v^, the shunt resistor 
positive input pin of ASIC 32, and Vms , the negative 
analog power supply voltage. 

As shown in Figure 2(b), whenever the analog 
15 signals representing battery voltage, current, and 

temperature are obtained, they are input into an ASIC 
multiplexor or switching network 55 which enables only 
one analog signal at a time to be input to the A/D 
converter 60 for digital conversion. The switching 
2o network acts in conjunction with digital logic circuitry 
for informing the A/D converter, via line 55-, shown in 
Figure 2(b), of the amount of integration cycles to 
perform depending upon the type of measurement to be 
converted. For instance, more integration cycles are 
25 needed when making a current measurement conversion to 
ensure a higher bit resolution as compared to when a 
voltage or temperature measurement is being converted, 
as will be explained in further detail below with ' 
respect to Figure 8(a). 

30 A general schematic diagram of the A/D 

converter 60 is shown in Figure 4. In the preferred 
embodiment, the A/D converter 60 is a bipolar, high 
resolution, incremental sigma-delta converter and 
consists of three parts: a bandgap reference circuit 62 
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which provides a preset analog voltage which . 
1 an 3nal °5 ground for the A/D ; a voltloe d t M 
« which divides the present voltage to 
voltages which are used a « ^ h * ?f 3nalog 

5 *» «»^ ™ to a dl91tal wor : ^ w** 

A/D control circuit «a , Ane 69 • 

oscillator, provi" t h 9 8 Cl " Ck InPUt *«» «*• 1= 
converter ^ch „.s "l*! 0 """ 1 *« 'he Sigma delta 

wnich has a different degree of r ««i 
depending „„ th e type o£ m e asurene 9r Jl 1 " 0 '"" 0 " 
10 one embodiment of the Invention, ! 

configured as having . resolutive' if bi™" 
conversion time ranging from 300 to 400 Leo for c 
measurements, and, ,.„„,, _ for current 

of 10 bits and rl configured as having a resolution 

"sec for voltaoa mTr™ 10 " ran9i " 9 ft0 "' 30 to 6 ° 

X5 timing dia"r.: 9 for th. P r tUre m9a ™"s. Th e 

measurements rn eaoh oo V t? 9e ' CUrre "' "* 
«• ^ the tlmLH S ?T " l »"«t.d as 

•<•).« "Plained beloT ^ dla9ra, ° ° f 

20 voltage divi^ ^Jf" InVen "°"' 

«-w circuit 64 of the A/D converter h 

the preset b*nH~=,~ ^ lverx:er divides 

full scale ToTZl ™° the toll <*«»9 

scale voltage for the\ "* Sl9 " al " "™ *>» 

250 mv or 350 v ? ^ """"tement, u , 

!5 voltage f« the batf 9 " alS "~ " '""-scale 
dependent upon th Z " Mas »»»« «"d 

used as the fuil s T °* "'"'^ »" a 150 « 

the full-scale voltage for the battery 

temperature measurement. These values are iUustrati 
0 ^ ^ Varv " "sttery design varies. lllust «""« 

utii, * /D converter °f the smart battery device 

utxilzes a sigma-delta converter circuit 65 as J Dl T\ 

above i„ view of rigures 4 and 6. 

deI " "~»" «« tePeble of bipolar conv^on 
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are explained hereinbelow in view of Figures 5(a) ,5(b) 
^ and Figures 6 and 7. Figure 6 particularly illustrates 
a switching capacitor network for receiving positive and 
negative voltage values, indicated as V IK in Figure 6 for 
input into an integrator circuit 88 and comparator 
circuit 89 for output into control and logic circuit 68* 
In the reference, Jacques Robert et al . , (1987) "A 16- 
bit Low-Voltage CMOS A/D Converter", IEEE Journal of 
Solid-State Circuits, Vol. sc-22, No. 2, 157-159, an 
incremental (integrating) sigma-delta converter 
iq implementing CMOS, switched capacitor technology 

similar to that implemented in the A/D converter of the 
smart battery device is disclosed. What is described in 
the reference is a simplified, unipolar A/D converter 
that is largely insensitive to variations in clock 
frequency and clock waveforms due to the fact that all 
signals are represented by charges, rather than 
currents, as in the switched capacitor integrator that 
forms the core of the converter. - 

In the prior art, to measure positive and 
negative input voltages, a negative power supply is ' 
necessary in addition to the positive voltage supply. 
Thus, where it is desired to measure negative voltages 
(or currents) such as smart battery discharging current, 
external components (such as inverters) and circuitry 
that consume extra power are required, and the prospect 
of utilizing such circuitry for the low power 
application such as needed in the smart battery device 
of the instant invention, is diminished. instead, to 
overcome this drawback, the A/D converter 60 of the 
instant invention does not utilize a negative voltage 
power supply, but makes use of an available on-chip A/D 
bandgap reference voltage "AGND" to be used as a virtual 
ground. The concept of utilizing a "virtual ground M is 
based on the fact that a voltage stored on a capacitor 
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can be transferred to another d.c. voltaoe „, 

(with the capacitance cil ™ capacitor CI 

respectively A4 are I II ' COnnect °" Al, through 

respective J " As ^J** f ° tenti * ls trough 

' v *« As shown in Figure s^ai +-k a 

10 «d the co„bi„ atlon of parallei-c^neVt j,' s„ lt ? M ' 
and S3 are conn 6 rt 0 H - connected switches S2 

capacitor c ~ tSd tQ terminals of the 

Xn the following there is described the 



15 



to the voltage differo nt f a i ^ a Self U P du « 

*.(♦*-*>. di£ferentia X ♦,-# ? -«nd stores a charge CI 

In the next step of the inv«f ( 
on switches SI and S2 ara „ ! lnvent ive process, the 

20 capacitor is no P *"* d ^ 0116 P ° le of the 

Potential £ "en' " ^ " ^ * 
voltage #J + ' ^ ~£ - - 

connection with +-k« «-«»PPeq off through 

ion with the connectors A3 and A4 which i 
^ the potentials 0J and 0 4 . " lle on 

In Figure 5(b) there is now reDresanf 

open, r;: e ;i r 0 r a is r vided which - — 

30 tapp.ng off of the ^ ' 'J™*' #> ^ ^ 

30 connectors A3 and Ad k 1 C *' * ,} present " the 

rs A3 and A4, when switch SI is closed 

In Figure 6 there is illustrate -v. 
circuit diaqram of f ha • ^"strated the schematic 

^j-agram of the inventive cirmit- 
a switched eaoacitor »/n circuit arrangement in 

capacitor a/d converter. The A/D converter ' 
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66 possesses an operational amplifier 88 which is 
1 utilized as an integrator, and an operational amplifier 
89 which is utilized as a comparator. The non-inverted 
input of the comparator 89 by means of the line 91 
stands in connection with the output of the integrator 
5 88. The inverted input of the comparator 89 and the 
non-inverted input of the integrator 88/ are connected 
• with a reference potential AGND, (analog ground = 1.25 
volt). The output of the comparator 89 is "high" in 
the event that the output voltage of the integrator 88 
1Q is higher than the reference voltage AGND and "low" in 
the event that the output voltage of the integrator 88 
is lower than the reference voltage AGND. By means of 
the lines LI, L2, L3 and L4, the integrator 88 or in 
essence, the inverted input and the output of integrator 
15 88 have connected in parallel therewith a capacitor C2 
with a capacitance C2. The capacitor C2 has a switch SR 
connected in parallel therewith through lines LI and L5 
which can effectuate a discharge of the capacitor C2 ' 
Through a line L6, the inverted input of the integrator 
88 stands in connection, by means of a switch S5 and a 
line L7, with a capacitor ci having the capacitance CI 
A line L8 connects the line L7 through a switch SI and 
the line L4 with the output of the integrator 88. The 
line L9 connects the pole of the capacitor CI facing 
^ towards the integrator 88 in Figure 6 with a line L10 

which stands in connection through the line LU, L12 and 
respectively L13, with the switches S4, S7 and, 
respectively S6. Connected to the other pole of the 
capacitor CI is a i ine L14, which is connected through 
30 the sw itch S3 with the reference voltage AGND = 1.25 

volt. A line L15 stands in connection with line L14 and 
connects through the lines LIS, L17, and respectively 
L18, the pole of the capacitor CI, which faces away from 
the integrator 88 in Figure 6, with the switches S2, si, 
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and respectively, S 8. The internal m 
, « 0 volt stands through the li„ L19 *! ° f ^ ° hlpS V « 
"0, in connection with the switches S8 
Sfi- In this matter fch™ k iCCftes S8 ' respectively, 

dosing of the swI^H SUltablS ° Pening * nd 

a tne switches S8 and ss 

applied to both poles of th! \ V " C&n be 

5 voltage v which* capacitor CI. The lnp - ut 

9 v IK „ hlch is to be digitized stanrte , 
connection with the switches si and 

trough lines L21 and ~T f< res Pectively, S7/ 

manner, through su^abl ^ In this 

10 -tches SI an 9 d%%: i \t 1 \:;rv^t a a n g d e C v° Sin9 °' ^ 
- either of the two poles'of th ^^1^ 
reference voltaoe v ^ p cor cl • The 

>r 0iC ag e which determines fh. 

of the A/D converter , e ermines the resolution 

in thi. rai , n . r , the .eL^ce voi: a ;eT PeC " Vely ' 
t= one o £ the two poles o£ ^ ^J!"' * 



switches SI. .r « «P»«tor Cl. The 

switches, especilf, ™ ^ " *" p " £ ««"y ™os 
=on„ect 10 „ « \ """—"on g ates. Th e 

voltaae v 

input voltage v lN , the reference 

of the A^cE^"""'* inPUt « 

Xnve„ tlV e ly 

. re t e r e„ce vo.taoe ^Zll ^ TT T" e 'T" " " 
input capacitor ci Slmll „ , " " ° VOlt ' to the 

25 circuit there is aci ^ ! """^ the ^Mv. 
*o " facii -tated that V IH , v w and AGND can 



ap P l ied to bQth sid ;;.r t he input " ^ *" D 
which presently causes a cLZn^lT^ 
Polarity of the capacitor ci Afferent 



30 



In Figure 7, there is illustrate 
operation of the a/d converter in a 1 
Thereby, si th™ „ «« rt9r in a P hase diagram. 

eoy, SI through S8, SR and SI desionafo 
of the a/d converter s« „ obsignate the switches 

nverter 66-pursuant to Figure 6, and CK is 
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the pulse signal of the ccnparator 89 In Figure 7 «■ 
1 represents a further tapped-off pulse signal. ' 

in the diagram, the switch conditions 

swItcTn ° l ' Wher6by 1 th-t the 

switch Th ° St3ndS f ° r the °P-ed 

5 T ^! ° p,tatlon of ^e .A/D converter can be 

X « '~ Ph8SeS Wh±Ch ^ — -d Clth 
II. HI and IV whereby I designates a RESET or resetting 
Phase; n an integration phase, m a „d inverting T* 
and IV an integration phase of the input vol" If 

Tiri POlaritY ° r Si9n> The CyCle is -o» finely 
subdivided into steps i, xlv ic • "nexy 

Figure 7 during Sh ° Wn as steD * in 

■•■yuire /, auring the reset phase I, onlv i-h*> „ , , 

is closed, whereas all switch SR 

' whereas all other switches are opened This 
causes a discharge of the capacitor C2. At the 
beginning of phase II, as indicated as step n ln 
Figure 7 the switches si and S6 are closed! wnere^s all 
gaining switches remain further open. This causes a 
ch rging up of the capacitor to a charge aQ=C l x C £ ! 
..) * V„. In step iii, the switches S3 and S5 aL 
2q closed, whereas all other switches remain open one 

where! £ oT^" *" ^ * "» 

whereas the other pole of the capacitor CI, through 

closing of the switch S5, stands in connection wi!h the 
capacitor C2 . There now ta.es place a charge transfer 
25 from the capacitor CI to the capacitor C2 . 'inasmuch "s 
the integrator of 88 resultingly causes the two "put 
Potentials to be equalized, there is present at the 
output Si of the integrator 88 the output voltage V 
eq-l - ( c 1/C 2, x v I8 «. AGND . in step iv. all switch . 
Q are opened and the comparator pulse CK is 1, meaning 
the comparator 89 carries out a comparison between v' 
and AGND. Upon the wbhu ftf f . , °w 

F 11 tne re sult of this comparison thero 

depends the further cycle. The representation of the 
switch conditions in step v must be understood in the 
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following manner: m step v the switches S2 th 
, are not closed h,,*- -u nes S2 through S8 

2 closed, but the switches S2 and S6 aT - c ~, 

a "d SI, S3, S4, S5 <?7 cd „ closed, 

' S7 ' SR and SI are onen t „ 
that the output of + P ' in the event 

^ uc OI the comparator is n i~ 

w hUe the BWltches S4 and s p 8 m '£^ ti'sri^r: - 

- S5, S6, S7, SR anrf e T ^ • ' S2 ' S3 / 

5 "° SI are °Pen "hen the outDut , f 

comparator is l, Beflnlng , .„ « the 

remain open. „ hen the output of the - instances 
meaning the output voitage V is iowe T"'" 
the switches S2 and s 6 are closeo TtH A0ND ' 
10 there are „,„ pr . S9nt v^ 0 "*' J"" 0 "» e "« « 
which the output of the"o.paracor is 1 
M 9 he than AGND, then the LtlVsVanTT.r. > 

two ; d ; e r:rti s :a m ":r: y v - and v ~ are - 

1 cne capacitor CI, but with 
or polaritv th an , he reve «e sign 

15 f J-axity than in the instance in which a. ■ 

the comparator is o t„ ^ the output of 

S °' In st ep v, the switches si <?p » „ 
SI are opened a n n * BS SR and 

- ciosed 

capacitor CI and p? w , "uses that the 

i". voltage AGND A ? ^-connected . As in step 

20 capacitor cl ™ aPPll6d t0 P ° le ° f the 

f^tiveiy, subtracted from th*t- 
oc of the integrator 88 in 1 ! ° UtPUt vol tage 

25 r „. 9 r 88 ' in accordance with the res»n- ~* 

the comparison by the comparator in step iv D ] ° f 
steps i through vi of phage ^'^^^ th * 
input voltaap u u j _»«. . . Processed an 

AGND , with a r e^ P * '""^ With reSpect to 

u, with a reference voltage which is sh <ff^ 
to AGND. Similarlv i.*. *k shifted relative 

30 , similarly, at the non-inverted inout *k 

integrator Sfl +u , nput of the 

s or 0B and the inverted inc-ut of t-h^ 

.« "ere iie, AGND, „ hlch o^^V^^^ 
is referenced to AGND and causes a comparison ^ th . 
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comparator 89 not with V.. = 0 voltage, but with AGND = 
1.25 volt. 

In the following there is now discussed phase 
III consisting of steps vii to ix. in this phase, a 
sign or polarity reversal is implemented for the output 
5 voltaoe V cx/r of the integrator 88 with reference to AGND. 
During the entire phase ill the switch S3 is closed. 
The closure of the switch S3 during the phase III causes 
the voltage AGND to be applied to one pole of the 
capacitor CI, as a result of which the voltage v TO is 

1Q also inverted with regard to AGND and not with regard to 
V.. - 0, as in the known A/D converters. In step vii 
there is now closed the switch SI, whereas all remaining 
switches are open, except switch S3. This causes that 
the voltage V M is temporarily in the capacitor CI, such 

i5 that in step viii all switches are opened except switch 
SR. The switch SR is in effect closed, which causes a 
discharge of the capacitor C2. in the step ix the 
switch S5 is closed additionally to switch S3, while all 
remaining switches are opened. This causes that the 

2q negative voltage which is phase shifted at AGND is 
present at the output of the integrator 88. The 
negative sign is obtained, as previously through the 
charge transfer from the capacitor CI to the capacitor 
C2. m step x of Phase IV, the switches S7 and S8 are 
closed, whereas all remaining switches are opened. 
Compared with the step ii the input voltage V„ is 
present with a reverse polarity at the capacitor CI. 
This causes a change in the sign of the integration of 
the input voltage, which is also well recognizable in 

3Q Figure 6 of the above mentioned publication of Jacques 
Robert et al . The steps xi through xiv correspond with 
the steps iii through vi, meaning, there is implemented 
an integration of the input voltage (only due to step x 
with a reverse sign of V IH ) , and in accordance with the 
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result from the comparator 89 in step xii v ls arlH h 

1 ° r ' respectively, subtracted after the in J" t* * 
case CI =» C2\ integration ( in 

" C2). For a 14-bit A/D-converter after- 
implementing of sten f . ' after 
f5»« -> /« P there is "rried out phase tt 
12 -2 (for the phases I, and m,] !2 = B19 TZ\ 
_ well as nhase tv 91 ti ^ es ) ^ as 
5 connect,' " a " B/ J" e ° UtPUt 01 «»P«ator is 

accordance \° s tT^nLTTT ". MCh 

fn , ra ° wnet her V w is added or subtracted 

increases or lower? if c ,. i<4CT - ea ' 

" its Count condition by 1. Th ~ 
result of the counter is then a 14-b*- 

s or v IB offset errors encountered in, for e v annla 
the operational amplifiers, are reported or ^ 
respectively eliminated'. 

15 for- i-h mUltl - pin connector 30 includes two pins 

for the system management bus interface 75 which 

the SMBCLK and SMBD^ata ^ ~™ to 

hybrid ic 32 T P res P ectiv ^y^ of the 

20 yorid ic 32 . As explained generally above and * 
greater detail below e ' and ' ln 

Pelow, the smart battery module 28 

IZZTITT' host aevice 16 - tha 

40 to T SySte,n ™ a " a 93H,e„ t bus and data ii„ e 

25 xatea cattery parameters. 

t.rminei of^ lt " p." ' " nneCted th * native 

th^istor U„e « T :r n r CtOC 30 a " d " *«*«•*«. or 
.... Thermistor R^, may be usea 

30 batt e e p :r: ntiy by the smart 22 - 

battery temperature, in a manner similar to that 
previously described with respect to ^ 

obtained / P ° SitiVe dl « ltal P°»« supply voltage is 
obtaxned from the plurality of rechargeable batlery 
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cells 44, and supplied to the hybrid IC through pin V 
l as the positive power supply voltage for the chip it 
should be understood that the supply voltage for the 
hybrid ic does not necessarily have to be obtained at 
the battery midpoint 46, but should be obtained at a 
5 Point from the battery cells in order to receive a 
voltage of approximately 3 to 4.8 volts, i.e., the 
equivalent voltage of three (3) cells. As will be 
hereinafter explained in' greater detail, the use of a 

l^ZJlTTT for the positive volta9e suppi * 

the hybrid IC to remain powered even when the battery is 
accidently shorted and removed from terminals 31-33, and 
enables the A/D converter 60 to determine whether the 
battery is discharging or being charged as will 
hereinafter be explained in greater detail. Suitable 
15 elements (one of which is shown in Figure 2(a)) 

and a positive temperature coefficient (PTC) elements 
(one of which is shown in Figure 2(a), are provided in 
series with the battery pack cells- to protect the 
battery from very high current and excessive 

20 the P r^ tUr6S ^ 3 te "* ora ^ "»ort circuit across " 

the battery terminals or other thermal event. 

As shown in Figure 2(b), the hybrid 1 C 32 
further includes RAM memory 65 which can store up to 128 
8-bit registers for communication of calculated batterv 
25 parameters, and a ROM memory 67 for storing loox-up . 
table values utilized in the battery capacity ■ 
calculation algorithm (explained in detail below). The 
. exact amount of RAM, ROM, and program ROM memory is a 

design choice, and these values change as the ratio 
3Q between calculated and preset parameters vary. 

As shown in Figure 2(a), the addition of 
capacitor C4 acts as a buffer to maintain the integrity 
of the RAM memory contents in the case of a battery 
short-circuit or temporary power loss. Preferably, the 
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capacltor C4 is connected to the negative analoo , 
1 supply terminal, and its value is chose t ens!, 7,1 IT 
a source of supply voltage is supplied to th. T- 
fflemory (RAM) f Qr a ! u PP-ned to the embedded 

current ln t h de P-dent upon the RAM leakage 

current. in the preferred embodiment *-h^ „ 
memory is unla^h-H «* nt ' the Power to: RAM 

5 M „„7r« un ^tched if a temporary short circuit 

condition exists, However, capacitor C4 prefer^ , 
capacity 330 „ P , provides . 

for a period of time necessary for the PTC element^ 

cZte'a^rTi" 515 "^ ^ "» « 
10 sh" circuit P6danCe b6tWeen te - inais wh.„ a 

ThTl ^ ? ° SS battSry Pack terminals creates 

a high circuit drain. ates 

* bv , , ^ hybrid IC " fUrther deludes up to 4 

sto y rin S c°th aCldlt : 0nal 70 ** ^-ssmg 1 

w storing the various algorithms, subroutines 

s™batT r data ' C ° nStantS ^lized by the 

^olci* m ° dUle Calculati "5 the battery 

capacity, sending messages such as alarms and nltterv 
charger control commands etc and han„i • natter y 
ren ., ai! ^ . etc "' and handling message 

2q requests from external devices. 

means T of f^"™ 1 " 0 R0M aerator is implemented by 
InventL 7 * ^ ShOWn) 35 °^ osed to 

Zkino J 9Snerati0n by — s °* 

masking. ln accordance with the information which was 

2 * a" mat J™" 1 ""* St °" d ' transistors were generated in 
a matrix arrangement through diffusion, whereby thl 
information was coded In the plane through the 
distribution of the transistors in the diffusion step 
Thus, the ROM generator generates in effect, a ROM 

3° mosT' Wh6reby PrSSenCe ° r - s P-tive absence of an 

MOS transistor stands for a logic »o» respectively !j ! 

Le r o Td n i ta r ° f 3 Programmable 
level of diffusion is that the diffusion process, which 
is incorporated as one of the first steps of a CMOS 
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process, can not be changed when there is a eh 
_ ROM contents, thus • , change in 
1 _ ' cnus ' rendering impossible the r» . . , 

of wafer stock for- „ ~= , production 

k for a Particular type of ROM. 

By contrast, the advantage of a Rom m »«- , 

contents can be realized wf*-h n ROM 

ieanzea with low cost and f ae f +. 

around time. Additionally, *h tUrn 
_ OT _. . „ ««aix:ionally, the pre-manuf acture of * 

portion of the ROM with the flexibility of JT 
10 ^ application specific infer— « < P^amming 
10 respectively lat~ " ! inforjn *"°n in the upper or 
P xvely later produced layers, is possible 

thirty ^ hybrid 10 chi P itself may comprise 
thirteen or fourteen layers, with the 9" or 10- l ave 

(i.e. one of the upper layers! ho!n , layer 

layers) being a laver nf ^ , 

15 "=r: : ::: r r n istribution °< the ^ - : ; c 

xor the storing contents of the ROM. Thus in i-h 
hybrid rr vrw* *«us / m the 

nyorid i C ROM manufacturing process, nine r«n ,„ 
grown and the next four- pom * layers are 

' xt f °ur ROM programming layers ar-^ „ 

dependent upon the e « . layers are grown 

SDec);t , P tne cu stomer's particular needs m e 
special proDertiPc 4-u i j. . e. / 

20 ^«perues of the battery pack). 

Figure 9(a) shows a ROM matrix with tha 

layer as a Droor-*mm a Ki i the me *al 

71f«i f r ° grammable layer. A MOS transistor, e a 

71 ( a for the inatriv *«* ' g ' 

elthsc serv r:: « «- ,„ a 

UI tne smart battery device that 4 e ~ 

represented ROM matrix consists of eioht „. M 

and indicsted as wzo, . „ z7 °! „ ° rd U " 9S 67a 

indicated as SP0 ™ I * P,C " " b and 

30 J" SP ° SP8 / "hereby the spaces 

At I h f ' ' C ° nne " " ith " "" ual 9"""d ii„e ,3 
At each iocation of the matrix, there is produced a 

transistor in the diffusion step, three transistors 7ia 
«b. —.7 of the matrix are shown in Flgure " S 
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T^ZT^ 3 ° f 9 1091C ln 3 —P-tive word 

1 tra 'iT ° r reSpSCtive -ourc. electrodes of a 

transistor are connected to a metal .as* w ith the 

the joining transistors or the joining transistor. The 

5 trans^s^ S ° U ~ e electrodes of such a ^ 

transistor are connected with the gap H„ e s or 
respectively, the virtual ground lines 73. Transistor 
71a in word WZ7, as shown in Fioure 9^ < 
for a logic «0» as it, rt , 1 P^rammed 
thft _ 5 38 lts draln terminal is connected with 

10 ! h T CS terminal ° f ~"ng MOS Transistor 87 
which is t i ed to vlrtual ground llne sp7> 

in that the 0 ! 10 " 1 " *" therewith Probed in, 

tLTt T ° r res P ectiv **y "urce electrodes are 

connected to a common line, preferably, as can be 

opr«f ned fr ° m Fi9UrS 9(a) ' to a * a P "ne 

the' tr a; s s r; SP6 ; sp8 * Thereby - the as 

tne transistor 71b of word wrn 

UI wora wzo as shown in Figure 
are short circuited. ( 

in**-, ,i 1^ C ° nneCtions of the transistors are thus 
20 last Z tT CmLned With thS a PP^-tion of the metal 

Zla'l \ USUal mannSr tW ° < th ™^ contacting) 
metal masks are applied on the ROM . l„ should be 

understood that in this instance preferably the lower of 
the two metal masks, meaning the mask which is located 

2 5 llZ %T transistors ' employed for the short 

circuiting and the connection of the applicable 
transistors. inasmuch as the transistors are short 
circuited, this does not influence the operation of the 
metal mask which is employed for the contacting. Since 
this metal mask is usually one of the uppermost layers 

ROM cTb 16 tSnth ° f ab ° Ut " laye "' the *™ve 

ROM can be pre-manuf actured up to the ninth layer and 

then programmed and manufactured in accordance with the 
application. ne 
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In Figure 9(b) there is illustrated a usual 
1 programmed ROM. it can be ascertained from Figure 9(b) 
that the transistors, which are short circuited in 
Figure 9(a), are in any event not produced in the 
diffusion mask. As shown in Figure 9(b) , the transistor 
71c which is not present corresponds to a short 
circuited transistor 71b in the metal mask pursuant to 
the process described above. 

Each of the algorithms, subroutines, 
manufacturer data, and data constants stored in rom and 
utilized by the smart battery module for calculating the 
battery capacity, etc. as mentioned above, will now be 
explained in further detail below. Further details of 
the smart battery algorithm for reporting battery 
parameters to an external device is found in applicant's 
co-pending patent application U.S. Serial No. 08/318,004 
assigned to the assignee of the instant invention and 
the disclosure of which is incorporated by reference 
herein. . 

As shown in Figure 3, the battery operating 
system 10' will first perform an initialization routine 
100 that is initiated upon system power up, enabled by a 
power ON signal/reset impulse signal 11, or, enabled by 
a wakeup from STANDBY signal 13 which is generated after 
the microprocessor has determined that it should exit 
the standby mode. As shown in Figures 2(b) and Figure 
10, the hybrid IC 32 is provided with a power-on reset 
circuit 85 which generates a reset impulse signal 11 to 
activate the external crystal oscillator 36 and reset 
the system every time the power supply voltage is 
applied to the ASIC. Specifically, this reset impulse 
initiates the start of the external crystal oscillator 
36 to provide the precise triggering of the internal 450 
kHz oscillator for providing the time base for the 
hybrid ic components . The threshold of this circuit is 
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ZIZIV' 2 V -' 6 V dependl ^ the type of 

1 tranSisto " "sec in the circuit of Figure 10 

10 th . MOrS SPSClfica11 ^ illustrated 1„ Figure 
10, the power-on reset circuit 85 is provided with 
transistor network comprising „- and p- channel 
_ transistors that «- < ^ cnannel 

5 V when v i t0 hybrid IC V °^e supply 

transit " ° f Sh ° rt ^""0.0 V, the ' 

transistors of cirmff oe 

latching »i 3 „« 79 ^Lh J ° " — de " 

j-et-tiveiy de-latches ram memorv * 
above, the volt ano „ ». «' nieroory 65. As mentioned 

memory contlnts a'li T « will Keep HAM 

leakage current ^ dePendant **» 



15 



20 



After a power on/reset signal 11 is 
or, after the sleep mode is exited *h recei ved, 
, „ * uue iS exited, the system is ni»^ 

In a standby mode 23 (Figure 3) unt n f Placed 

trigger signal 17 „ iS trio 9 e "d by 

sv signal 17 generated by the external 
36 which provides tho , , external oscillator 

(capacity X t ^ ^ ^ th * S * st - operations 
by a bus reguLt sl 5 °° "" °' ° r ' ±S awake -o 

further detac h i " " Wl " e *P^ned in 
the S^..^ b — —by mode, 

operatina , V " ^ State Until «». 

slgnll is r tri " 6r 17 ° r 6Xternal bus "guest 
signal 15 is received. 




variables 



The initialization routine, which w~ 
and shown (in Figure 4) of i-h ! described 
nan ,. V riaure 4) of the above-mentioned, co- 

pending patent application (USSN 08/318,004) L 
conducted at the virginal start of m, 
initially ir 9 ina * start of the system. The 

initialization routine functions to clear all values to 
be stored in the system RAM and to assign all S yst em 
default va i ues . Preferably/ , any Qf ^ 
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are constant values and are available in case of an 
1 emergency situation wherein all RAM memory has been lost 
while the system was in the STANDBY mode. 

On power-on-reset as well as on a wakeup from 
the STANDBY mode of the chip (explained below) , the 
5 program is started at an initial memory address, A 
"checksum" test is conducted for checking whether the 
RAM memory is valid whereby the capacity calculation is 
continued, or, whether the emergency mode (which uses 
ROM defaults) will be activated. Such an instance 
1Q occurs when the chip switches into the STANDBY mode at 
low battery voltage and then back into the ON mode when 
the battery is to be recharged. 

If the "checksum" test fails, the will 
first clear all ram banks completely, and, as 
15 consequence an internally generated CALIBRATED flag will 
be cleared and the number of cells of the battery pack 
has to be learned, a process to be explained in greater 
detail below. Next, the default values (described 
below) are transferred from ROM to RAM. To prevent 
2Q exceptions in the capacity calculations to be described 
hereinbelow, it is imperative that variables do not have 
undefined values. This enables the algorithm to work in 
a catastrophic emergency mode in the event that all ram 
memory has been lost. The default values of critical 
25 variables may then be substituted by correct values when 
the battery system is reformatted at a battery service 
station using the original manufacturer's data. 

included in the initialization routine will be 
an initialization of FullChargeCapacity "full_cap", 
30 RelativeStat eOf Charge "SOC" and the RemainingCapacity 
"Itf" values, as well as state and other variables to 
ensure a proper start of the capacity calculation. 
Then, the program resets all system timers such as the 
calculation of voltage, temperature and self discharge 
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tin.er 5 before passing out of th . ■ • 
1 ThS «P-city ca lculat 9 ion ^Vtl""^ 112 ^ 10 " r -tine. 
trigger slgnal 17 uli ,. L "" i tnen vitiated at 

each 

t*. external 32 C« 1 ^ '"^ 5 °° — = ** 

rechargeable battery " P °" er - <5 " / "set, the 

"elow, may De executed P Th ! y CalCUl °"°" (explained 
values £or the ™' -""al default 

10 Pending patent applet" ?l! I,P1,,lnM ln In co- 

'orth „ foHo„sf (USS " ° 8/31e ' 004 > ' «« set 

«Pa=lty, H«.r:a S f 1 t 9 e n r CaP :" t! ' (th *°""=" - 
»»H to 2400 mAH, but aftr;"""' bet »«« "00 

15 !^ CU1 " 1 °" el g orlth„ defaults'toT l0 r- th « opacity - 
2000 mAh ,„„ c .""" * Purred value of 

level; t„e default vaale o^'! ««- 
i« the rechar g .able battery p a ck ITe J* "'"^ ~»- 
this value may be chana.rt I ""»' h °»ever. 

20 c=nfl g ur,tlo„ o, t ^** "ependln, upon the actual 

20 represents the remalni""^ P "f ! ** "--KEM.cap value 
may r ,n g e £ronl 50 Z^TToT """* trI *«rm g v.i„e 
«--REM_ CS P has . defend ? " Ah - Pr ««ably, 

"Ah- An alar„ " iUU Value (*L_REM_CA P DBF) of ,„„ 
25 capacity" -™ the remaining "° 

estimated ILj^^VZ^ ^~ 
i0 «d may ran g e from Vo mi " " ""^ ai «»ar g e rate 
^-REM_time has a default : , * in - " "referably, 

"inutes . This alarm conditl ( *l_REM_time_def ) of 10 
calculated remalnln" "me t T'" °" 

b «»d - the minute averaoe c V 90 (E0V >- 

av<sraae «rrent (discussed below) , 
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is below the value of AL_REM_TIME and will automatically 
2 be disabled when the battery is in the charging mode. 
The AL_DTEMP value represents the dT/dt alarm trigger 
condition and may range from l°K/min. to 5°K/min. . 
Preferably, AL_DTEMP has a default value ( AL_DTEMP_JDEF ) 
5 of 2"»K/minute. This alarm condition will exist when the 
battery detects that the rate of its internal thermal 
rise (dT/dt) is greater than the AL_DTEMP value. The 
AL_HI_TEMP value represents the high temperature alarm 
trigger and may range from 310°K to 345°K. Preferably, 
1Q AL_HI_TEMP has a default value ( AL_HI_TEMP_DEF) of 

328 °K. Additionally, when the capacity calculation is 
started by power-on-reset , the FullChargeCapacity, 
("full_cap» represents the learned full charge capacity 
of the battery), will be initialized to the 
DesignCapacity (nom_cap); the RemainingCapacity ("Itf") 
to 1/8 of the full_cap; and, the RelativeStateOf Charge 
("soc") to 12.5% and the battery state to capacity 
decreasing, and, specifically, to self discharging mode. 
The alarm timer N_ALARM is set at 10 seconds and this is 
the amount of time that an alarm condition will be 
broadcast between a host device and/or a battery charger 
as will be explained in further detail below. it should 
be understood that these values are typical values for a 
NiMH battery intended for use in a portable computer. 
25 Other types of battery chemistry, or portable devices, 
may call for a different set of default values. 

As shown in Figure 3, after the system is 
initialized at step 100, the battery will enter into a 
standby or maintenance mode 23 where it will either 
awake upon a bus-request signal 15 or awake upon the 
external crystal trigger signal 17 every 500 msec. if 
the battery is awaked by a bus request signal 15 as 
determined at step 21, then the battery will handle the 
request by the handle request routine indicated at step 
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25 where it will thereafter exit into 

, The routine for handlina 11 * Standby mode ' 

1 , "Qnaiing the requests 25 u m w 

explained in Iurther detaU ^ »• 

-terna! =™ 1S , ^ «*• normal 

crystal trigger signal 17, and fh a ,« 

requests, then the program disables the bu "° *** 

(approximately 37 msec before th r 
enables the A/D converter "J^n^™'" 9 ** 1 * 
and temperature measurements f h l l^ZT' 
cycle as shown at step 130 in rigu'e T TllTT^ 
10 ^atus flag ls then checked ^ ^ * 

whether A/D conversions of the raw current t 
temperature measurement values are ^age, and 

When this fi, , are to be Performed, 

this flag ls set hign {1 ic 

current, voltage, and temperature values ' the 

15 tril a e r9eable battery " e ° btai - d the current 

trigger cycle as shown at step 14 0 Thee 

current, voltaae and raw A/D 

voxtage and temperature values are bum- < . 

special function reoister «i w lnt ° a 

which is one of s " ^ in 2(b), 

hybrid ic for subset , provided in the 

20 " the "get'iu^ V'r" 96 ^ " ^ *' 

y i-vaxues flag is low (logic level =n\ «-u 

raw current, voltaae an* } ' then no 

/ "uiwge, and temperature mpflc,,^ ^ 

be obtained «.u measurements will 

tainea for the present cvcIp ar,^ *.v 
flag will tQ o„i u, w cycler and the getvalues 

9 111 toggle high (logic 1) at step 1 48 anH *k 
process Mm , p and the 

f5 process will continue as shown in Figure 3 

After new currpnt- <«r^ i 4- - . 

values are obtained (step 140, thH/n t6mPeratU " 
ready fi ag ls set hi „ h „ U ^ A/ ° measu "^nts 

3 ls set hlah (logic level =1) at sten u, 
a check is made at step 142 t „ w a - . P and 

. . SCep 142 to determine whether the 

system is an a sample mode. Thus, at step i„ 
absolute value of the raw current I r , !! 
be below a thr 0 ch ' 13 determined to 

system wi!l ^ °* 10 th ? n the ^ttery 

system will operate at half the sample rate deoend, 

upon the status of the sample mode flag. ^T.^p 
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143 in Figure 3, a determination is made as to whether 
1 the sample mode flag is low (i.e., logic 0) or high 
(logic 1). if the sample mode flag is low, then the 
sample mode flag will toggle to a high level at step 
144, and the system is placed in a sample mode and -the 
5 process proceeds at step 149 to initiate the A/D 

conversion. If the sample mode flag is already high 
(from the previous cycle), then the "getvalues" flag is 
set equal to zero at step 146, and the A/D converter is 
disabled at step 147. The A/D conversion will not occur 
10 (t ° S3Ve P° wer > and th © algorithm proceeds to the 

capacity calculation (step 151). The "getvalues" flag 
is always set low in the sample mode. The status of 
this flag ensures that an A/D conversion will be 
skipped, and, as a consequence, no new valid data will 
15 be available for the capacity calculation at step 150. 

If the raw current, |I|, is determined at step 
142 to be above the 10 mA threshold, then the battery 
system will exit the sample mode (and the sample mode 
flag is set at logic 0) at step 145, and the A/D 
2q conversion of the raw current, voltage, and temperature 
values will be performed at step 149. At step 150, a 
determination is made as to whether the A/D measurement 
ready flag is high (logic 1) indicating that valid raw 
battery parameter data has been received. if it is set 
high, then the capacity calculation and attendant 
battery characteristic conversions (voltage, current, 
and temperature) will be performed. If the A/D 
measurement ready flag is low (logic 0), then the 
capacity calculation is not performed in the current 
3 0 cvcle ' and the process proceeds to step 158 where the 

bus request line for message transfer is enabled and the 
hybrid IC is placed in the sleep mode at step 23. The 
oscillator trigger 17 continues to wake up the 
microprocessor every 500 msec, however, when the current 

35 
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i= less than 10 n*, the a/d conversions and th 
, Rations may be performed at an ~ 

determined rate that is i„„. f roitrarily 
-ry two or once ev " f \ '"I"™- f « -9- once 

" 5 » e .w, Sec °" ds ' to co " 3e ™ P—. 

9ure 8 < a ) illustrates the tlmlrm „« 
operating cycles Met norraal „ ode „ ° f the 

57a a, compared when the syste™ operates" !" ^ 
-ode conditions 5 ,o expiained below Z shtT 1^ 

as mentioned aoove, the * £ " 3U " 
crystal delivers i-h* *. , external 

, initiate the "aw voital Sl9 " al " ^ 5 °° ^ *> 

• measurements ill 9 ' CUrr6nt ' tem P«ature 

urements, indicated as 158. Also initial , ^ 

capacity calculation 160 which utilize th" Trrel 
voltage, and temperature measurements of tL"™' 
operating cycle. When the raw current If P" v ^us 
determined to he below a threlhol ^^0".°^ ^ 
battery system win operate at half J^'^ 

measurements will be taken during the nx 500 

operating cycle as <nH f - ^ ° msec 

y <-ycj.e as indicated as 58b in Fiaure ttia* 

However, measurements *.* 9 " 8(a >' 

— operati„ 9 cyc^:^:;::™ :r d ;;r t r th - 

-esnoii^rrr^ rr- to be r:rr ~" 

e or 10 mA, the battery svstem wt"n 
normal mode oDeraNnn - system will resume 

operating cycles the ^ 

battery L! ^ e ^ caicuiation and attendant 

/ wiaracteristic measurements fvoltaoo ^ 
and temperature, will be taken. (V ° ltage ' current, 

Figure 8(b) illustrates the approximate «... 
durations for the v *r-j„, PP^oximate time 

various measurements. As a mat 
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design choice th«= ~ — — • AS a matter 

9 cnoice, the capacity calculation 160 is n ., f 
in approximately 71 rasec £o - M „ h S P er£o ™ed 

Thereafter the al operating cycle. 

iter, the alarm control subroutine 152 will k 0 
performed for a dur S H« B 1 be 

the charger control T appr ° Ximate ^ « msec and 
a dur-tin of SUbr ° Utine 154 be performed for 

duration of approximately 2 msec if the smart battery 
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determines these operations are to be performed (see 

1 LTis ^ diSPl3y r ° Utine 156 may be Performed 

if it is requested by a user and the LED display control 

shown in Figure 8(b). it should be understood that the 
5 aforementioned performance times for the various 

h k ^cillator, which may vary with temperature. 
Each of the alarm control subroutine 152, charger 
control subroutine 154 and LED display subroutine 156 
1Q will be explained in further detail below. 

is in aC H ^r 6 , ^ SyStSm mana * einent bus request line 
tint T during the capacity calculation, alarm 
control, charger control, and LED display routines, the 
microprocessor will be unable to receive requests rom a 

15 lrat d on Vi I 5 e 8 °: Ch3rger " ^ r the time 

til, 1 ^ ^ ° perat1 ^ cycle shown in Figure 

8(a) Therefore, in each operating cycle, after the 
capacity calculation has been performed, the System 
management bus request line is enabled for the remaining 

20 so L 0 T " CyClG ' 35 indiCated in ^ ° »> 

so that it may respond to a request from a host device 

"t r9 ^ Con —re^ly t the battery places itself in 
the standby mode 23- whereupon it will be awaked for the 
nexv cycle upon receipt of the system trigger signal 17 

?5 F^re 6 3 Wa T ed ^ 3 reqUSSt Si9nal 15 35 Sh °- *» ' 

evil" li 1 3 remainin9 37 msec * -ch operating 
cycle the bus request is again disabled as shown for 
the time duration 158 pr . or tQ tr _^ er s 

Jnlti^ raen ' l0ned ab ° Ve ' 6aCh S * stem digger signal 17 

the 455 L St3rt ° £ intSrnal Cl ° Ck 48 ^nerating 

the 4 55 kHz signal for controlling the hybrid I C 

microprocessor, A/D converter, etc. 
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Algorithm for calculatin g battery ~ r -~^. 

The purpose of the capacitv caln,,i a w 

continuously monitor the capacity otheh ^ 
bat1 . orv * ^-^acity of the rechargeable 

" i r COrdan ° e " the indicted^, 
equation (1) as follows: 



CAP_ := CAP,., + E6cIcAtc . j.^^ . s 



(1) 



where CAP,.., ls referred to hereinbelow as "itf ■• and 

10 XTtlLT remalning CapaCit ^ in battery at any 

given time expressed as mAh (milliamperehours) ; the 
Xe^t. term represents the sum of the incremental 
increases in capacity as the battery is being charged 
and takes into account a charge efficiency factor . 

15 accessed preferably from look-up table values to be' 

-planed in further detail below with respect to Figure 
22(c), or, alternatively, may be obtained from a 

po^r,- 6 ^ 10 " ° r ^ inte ^*ting between several 

the sLTlt ^ mem ° ry; 3 ^ WhiCh ^ 

20 due to dLch C ° ntinUOUS in b-tt.«y capacity 

and r ? 1SChar * e «sociated with the battery's usage; 

meLurabl?' term ^ repreS * ntS the P-dicted and 
measurable amount of self -discharge based upon self- 
discharging effects associated with the battery's 

25 chemistry and is a function of the battery state of 
charge and temperature. By knowing the 
Remainingcapacity, itf, at all times, it is possible - 
Provide battery parameter information usea iHy "Vsl 
computer (PC, or smart battery charger to ensurl safe 

30 I«. " bat ^ use «d to ensure prolonged battery 

Figures 13(a) through 13(b) illustrate the 
capacity calculation routine performed for the 
rechargeable battery pack at each trigger cycl 



e . in 
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parallel, the current, voltage and temperature 
^ measurements are running except when in the "sample" 
mode where these measurements are taken once every 
second. The sample mode is designed to save power 
consumption (i.e., the A/D conversions occur at half- 
_ frequency) and is switched on and off depending upon the 
amount of detected current. For example, when the 
current falls below 10 mA, the "sample" mode' is enabled 
and less frequent measurements are made. 

Normally the temperature, voltage and current 
are measured and updated once per cycle. The current is 
measured with an integrating method (explained in detail 
below) , which recognizes its changes during the 
conversion time. All output values taken from SMBus 
requests and capacity calculation are one period 
delayed. The A/D measurements are controlled by an on- 
chip oscillator at nominal 455 kHz and the operating 
cycles - responsible for the integration time - by the 
precise 32 kHz oscillator. The lower accuracy of the 
absolute frequency value of the on-chip oscillator has 
no influence on the accuracy of the measurement. 

As shown in Figure 13(a), step 200, the first 
step of the capacity calculation, the IUT Calculation 
routine 200 is performed to first convert - the raw 
analog/digital converter output data from register 61. 
(Figure 2(b)) into values having appropriate units 
useful for the capacity calculation algorithm. Details 
of the IUT Calculation routine can be found in the 
above-mentioned, co-pending patent application (USSN 
08/318,004). Briefly, as illustrated in Figure 12, at 
step 205, the raw A/D Current measurement, I_raw, is 
scaled and converted to the actual current value "I" in 
units of milliamps. Similarly, the raw A/D pack voltage 
measurement, U_raw, is scaled and converted to the 
actual battery pack voltage value "U" in units of 
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millivolts. Next, as indicated at step 212 tho D 
2 checks the battery pack voltage «u» to Jill' " 

or not the individual cells J J J^^^* 
output voltage less than 0.9 V. if a eeU L d t 
as outputting a voltage less than 0 9 Toll the 
batterv nacir < ^ us ' then the 

5 step 2T2 As T ' Sleep .node, as indicated at 

seep 212 . As shown ln F1 12 f , 

take place when the battery state chaLf t * aCti ° nS 
and SLEEP mode: 965 bStW6en an ON 

To save battery power and minimize current 
drain, the ,P proceeds to switch off: the A/D converter 

2 5 ^1 T ^ ° n - ChlP ~«l-tar at step 

are kept a L v t ^ ^ — ~"s 

are kept alive by voltage from the battery with „„„ 

ZTZJ!TT current drain (which is ---- «pon 

15 the amount of RAM,. Additionally, the wake-up 
comparator circuit 80 (Fioure li\ *. = 

217 anri + * ^ figure 11, i s activated at step 

217 and then the „P sets a bit flag to tell tha v, f 
to start « «^ , ; g 11 the hardware 

to start a special voltage control logic to set itself 
for sleep, as indicated at step 218. 

20 I7i <- ^ Sh ° Wn at St6p 219 in Fi 9 u " 12, and, as 
illustrated in Pig ure „ the wake . up ^ ^ 

Period fh SXternal 32 KHZ ° SCillato - At each 

; ^- comparator is turned on to compare the ratio 

3 of Pack voltage signal 82 with the predetermined bandgao 
reference voltage signal 83 that is supplied from the 
bandgap reference circuit 62 (Figure 4, and input to the 
inverting input of comparator 75. For a three ceil 
battery pack, the bandgap reference voltage 83 is 

0 llZTTT ely 1,239 V ° ltS ' but ' thl. value may be 

1 ;i:;:::; an 7 ith the battery patk de — 

n the ratio of pack voltage signal 82 V D0 of the ASir 
has , ncreased above reference vQitage - the A 

the comparator circuit will toggle, as shown at step 
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220 , to awake the „ P and enable the A/D converter again 
2 to take measurements, as indicated at step 221. The 
capacity calculation will then continue with an 
initialization at step 100. 

r-< .* on" detall6d sc «^tic of the wake-up comparator 
5 circuit 80 is shown in Figure 11. As shown ln Fi * ure 

H, the wake-up comparator circuit 80 comprises a 
voltage divider comprising resistors R4 and R5 which are 
tied to the V D0 ASIC power supply to supply a ratio of V 
pack voltage (signal 82, to a first non-inverting input°° 
1Q of a comparator 76. As will be explained in further 
detail below, an NMOS (n-channel MOSFET, transistor 
switch 89b connected between resistor R5 and ground is 
nominally turned off in sleep mode to prevent battery 
current drain to ground, but, is periodically turned on 
is once every 500 milliseconds (30 microseconds) by trigger 
signal 77a to enable the divided V 00 voltage to appear at 
the non-inverting input of the comparator 76 
Simultaneously, the external oscillator trigger signal 
77a, triggers the wake-up comparator circuit 80 by 
2o simultaneously turning on the transistors 89a, b to 

enable comparator 76 operation. As shown in Figure 11 
a low power current source 90 which is derived from the 
battery by external circuitry, turns on transistor 
switch 89a, to provide a reference current to comparator 
25 76. From this current source 90, the working point of 
the comparator is fixed. Additionally, enable li ne i 5a 
is tied to signal 77a to simultaneously enable the 
. comparator to take a measurement. Transistor switch 89b 
turned on by signal 77b, which is output from 
30 inv erter 72, to create a path to ground to enable V 
voltage divider signal 82 to appear at the comparator 
input so that the comparison may be made. 

When the v D0 ratio is low (< 0.9 V/cell) and 
the ratio of pack voltage signal 82 is less than the A/D 
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converter bandgap reference signal 83 *„ 
1 comparator output si9 „ al „ **- th ° 

the reference voitaoe !n , " V " rises a °°«> 

. Per cell for . Ll* " V °"= 

; <co.nper.tor output, sll^T^Z « " ake " U9 
5 -ormal sample mode operation to resut A Tsn all °" in9 
figure 11, element 78 Is a ... h °"" in 

i- • bistable device th .t V " »»"h 
the comparator 76 to 1 P™"". n at the output of 

taring at l^lZZTllZ^ 
10 he due to comparator switching IZllTl " " l9h < 
amplifier noise. ! characteristics and/or 

-cuitr, r^edt r^rrr. rr Mos 

" (microamps). — tna « approximately 2.0 

cell is dete e =t e eTa"s 9 TT *° Pl9UrS " '""a 

0.9 volts, the eapa jtv ' ""*»• tha " 

° measurement, , raw f. 

Psch temperature I; unicsT T *° ^ '"^ 
temperature value is ^ . 9 KGlV1 "- This 

-count tHermis or scaJL : y '"^ *° ^ In « 

. ""SI current t.mp~. v , ' (n0t 5to ""»' • 
? U8H !Pr«Mture value of "T" i ^k^- 

step 222, the condltion » Is obtained. At 

determine If an ov. . battery rs checked to 

a temperature t . T"'"' """"^ ^re 
Oetected, a temPeraLre 1S deteCtSd - Wh « 

HI_TEMP ALARM^ is set J ^ ~» mt0 " " a9 ' 

™^r~ ; J - :r -:r ias an < 

of range. ^ charging parameters are out 



35 



WO 96/15563 _ 

vyo/ujooo PCT/US95/14543 

-46- 

At this point, it should be mentioned that an 
1 end of charge condition may exist (if the capacity is 
increasing). This end of charge condition may be 
detected when the rate change in voltage or temperature 
taken between successive measurements is at a certain 
5 gradient.. Thus, as shown in Figure 12 at step 224, and 
described in detail (steps 240 through 249 of Figure 
5(b)) in co-pending patent application (USSN 
08/318,004), the change in temperature dT/dt calculation 
is performed. Additionally, as shown in Figure 12 a 
1Q change in voltage dU/dt calculation is performed at step 

The change in temperature (dT/dt) calculation 
is performed to evaluate the difference dT between the 
current temperature value T and a previous temperature 

15 value determined at a time 20 seconds previously, but 
may range anywhere from 10 to 120 seconds previous 
After the dT calculation is performed, a determination 
is made as to whether the amount of internal temperature 
change exceeds the allowable rate, i.e., whether the 

2q AL_DTEMP alarm condition exists, as shown at step 226 in 
Figure 12. a temperature change of approximately 
2°K/min or greater indicates an AL_DTEMP alarm condition 
and, when detected, an alarm condition flag 
DTEMP_ALARM, is set. 

2 5 • The change in voltage (dU/dt) calculation is 

performed to evaluate the difference dU between the 
current voltage value U and a previous voltage value 
determined at a time preferably 255 seconds previous. 
After the dU calculation is performed, a 

3Q determination is made at step 260 as to whether the 

capacity is decreasing, and, as to whether the present 
voltage U is less than the end of discharge voltage 
(EDV) ii rai t (typically 0.9 V/cell), indicating that an 
end of discharge condition EOD_U exists. Thus, the 
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present voltage valno tt * ~ 

ye value U is compared to the nra CQ f 

than this voltaoe T f , P , , ' is less 

voltage exists th. Discharge condition for 

a . 9 ! X f StS ' th6n an EOD -U ^ag is set at step 262 

"at th ^ r te - D±SChar9e - Alarm flag iS Set mCicat ng 
5 t»at the battery has supplied all the its charge and is 

ZlTTT fUlly diSCh ^ d - » - of Charge 

condition does not exist, then the EOD U flag and thf 

Terminate_Discharge_Alarm flag are clelred at step 264 

disahx T lly ' ^ 264 ' ^ " PaCit - «"* "ag is 

1Q disabled. The IUT_Calculation procedure 200 is then 

exited and the capacity calculation continues at step 
165 in Figure 13(a). 

rou '. ** StSp 165 of the capacity calculation 

routine 151 of Figure 13(a ), a calculation of the 
15 rolling minute average current is performed utilizing 
the recent previous current (I, measurements. Rolling 
minute average current calculations are important for 

emptT^cV'T" COndlti ° nS SUCh " "■™ «~ - 
which mlonf. d ° n aV ^ a9e CU " ent drain ' -d 

20 explained * host device, as will be 

Figure IV" 9rS r er dBtail belOW ' - ~P of 

Figure 13(a), a determination is made as to whether the 
present current (I) value i«= *k 

selfdi^h- han ° r equal to the 

self discharge current I_SELFD, which, in the preferred 
^ embodi men t is 3.o milliamps ^ may ^ 

and ^ ^ re P resents limit for a. mode 

m valued reCOgnlti0n ' If th * P"sent current 

ValUe iS less than « equal to the self discharge 
current then the state of the battery is determined to 
3q r>e capacity decreasing without any external drain 

Consequently, a selfdischarge flag bit is set at step 

^'sel I L the K PreSent CUrrent (I> ValUS 13 greater than 
the self discharge current (3.0 mA), then the battery 

selfdischarge flag- bit is cleared at step 172. The 
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30 



battery self -discharge current is always calculated 
regardless as to whether the battery is in a capacity 
increasing or capacity decreasing state. The direction 
of current is established at step 178 in Figure 13(a) to 
determine the present state of the battery. if the 
current (I) is determined to be a positive value, then 
the state of the battery is capacity increasing 
(hereinafter CI) and a capacity increasing flag is set 
at^step 180. If the current is determined to be a 
negative value, then the state of the battery is 
capacity decreasing (hereinafter CD) and a capacity 
decreasing flag is set at step 182. If it is 
determined that the capacity is decreasing, then a 
determination is made at step 184 as to whether the end 
of discharge voltage (plus hysteresis) E0D_UH flag has 
been set. 

For accurate battery parameter presentation 
and battery life predictions, it is important that the 
full battery capacity be reset after an end of discharge 
voltage condition (battery nominally fully discharged) 
has been detected. Even at a nominally discharged 
condition, some residual battery capacity remains and 
this is taken into account into the battery calculation, 
as will be explained below. Thus, a determination is 
made at step 189 as to whether the capacity reset flag 
has been set as a result of the EOD_UH flag having been 
set indicating that the battery pack end of discharge 
voltage has been reached (as determined at step 184), 
or, as a result of the battery self discharge flag 
having been set (as determined at step 175), or, if 
capacity is increasing. If the capacity reset flag has 
been set, then, at step 190, the remaining capacity 
(Itf) at the EOD voltage condition is reset to a 
predicted Residual Capacity "pd" value obtained from 
look up table depicted in Figure 22(a). Additionally, 
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•t step 1 90/ the error register is reset to „ 

capacity reset f i aa {b , „ * t0 2ero the 

1 jt «c tiag a.s cleared. The proor-*™ 

proceeds to the Bt >M>s t u Program then 

tne selfdischarge calculan nn - , 
integration procedures r, ■ «. alcul *t A on and current 

-3 b ee„ ^ ermin -Z 11' ^Vl^ t-.'S-S 
„ capacity reset fi a „ >, . ' or ' lf the 

5 y y reset flag had not been set as detern , M 

step 189 t-hon 4.u , s ae termined at 

P IBS, then the algorithm proceeds at seen ,o, • 

Figure 13(b). step 192 ln 

As described in further detail fwith - , 
to Figure 6(b) of co-no^ ( reference 

, 08/318,004, and 1 ? 9 P appllcati °n ("SSN 

1Q i0 ' uu1 )» and in view of steD 10? 

state change determine. , l9Ure 13(b >' a 

9 aet ermination is made for dsterm^*- 

r<c b :r::r t e ha : chan9ed f ™ a 

state «/ * capacity decreasing (CD) 

ineccu„" r.°L!' , :r ery cycie coun " n9 « th ° 

current pulse sl nn V Ch " 9e — « 

tlow. " han9eS ° r bCeaks ° f current 

° "(b,, the A s S eWH!" ted ^ " ePS 300 '° 3 « " Figure 

per fo ; m : h « ;;r cai r a "°° 

Wtb referee t" rigu y ; e " ( :; 5 0 T bed 

the self d" T PSrfGrmed ° nCe 6Very 128 ™- if 
the self- discharge t . mer hag If 

proceeds to ste D 4nn t <~*, ^ Program 
perform *• v. (indicated by broken lines) to 

perform the current integration procedure 400 I \ 
in detail in Fiouro i*,w. e 400 ' as shown 

-t.il b.l« ' ' a "" 'urtner 
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Self discharge cal culation routine 

1 

Due to the electrochemical nature of batteries 
the self discharging correction of the remaining capacity 
has to be calculated all the time, independent from the 
5 existence of any charging or discharging currents. This 
xs because there will always be a self -discharge current 
drain regardless of whether the battery is being charged 
or discharged and the amount current drain is a function 
of the battery charge and temperature. Thus, as 
1Q indicated as step 305 in Figure 13(b), the selfdischarge 
rate »s" as a function of the relative state of charge 
" SOC " and cu *rent temperature T is accessed via a look- 
up table, shown in Figure 22(b) which shows a three- 
dimensional graphic representation of self-discharge ^ 
i5 current (vertical axis) as a function of relative 

battery state of charge and temperature. These look up 
factors »s» for self discharge give the predicted 
selfdischarge rate scaled by the design (nominal) 
capacity, and, as is shown in Figure 22(b), the amount 
2q of selfdischarge current, I., generally increases with 
increasing temperature and increased battery state of 
charge levels. For instance, at approximately 65»C and 
a 95% relative state of charge, battery selfdischarge 
current might total an amount of up to 30% of the full 
^ battery capacity per day. The selfdischarge valued- 
depicted in Figure 22(b) were empirically derived and 
will vary, depending upon the battery chemistry and 
battery architecture. 

At step 310, a determination is made as to 
3q whether the state of the battery is capacity increasing 
or capacity decreasing. If the battery is in a 
discharging state, as shown at step 315, the total 
amount of capacity decrease (current drained) since the 
last state change is calculated and stored in a separate 
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register. if the capacitv , . 
Prog ram is directed ^ C s i t t e y p 1 3 S 20 inCr h eaSi ^' then the 
the sel fdischarge rafce !°f ***** the effects of 



the 



30 



seiiaischarqe rat* )e ♦ , Biieccs o 

— calcuiatioV step 320 Is" T & ~ th « 

total am0 u„ t of capaci : y p L cre : s : ;: u performed after 

since the l ast state e * C " *** < cu "e nt drained. 



5 since the l ast .tat. chan*. , drai ned, - 

5 Then, at step 325 th* * Calcul *ted at step 315 

decremented by the 3^™^ 

Provide ^ 81 96 " S "' thus ' 

Afterwards the 1 V/ e * Uat ±on (l) described above 
rQs ' the self -discharge procedure - „ V 
10 -rent integration routine Lo^^^et " ^ 

When the battery is b»fn^ „k 

to be in the Capacitv , * Charged > said 

15 < „ *w capacity Increasing state (ci\ «i 

^ the Capa city Decreasing state (CD, CD ? 
standby mode of the i>*<-+* "eludes the 

. hr „ fc . r tne oattery, when no current fi^ 
through the battery terminals. ln the sLLV 
only the self discharging rate rJ st andby mode, 

The b a h^ reduces the capacity 

0 . . ThS bat tery current will be preciselv < «- 

during both charoe an* h- w Precisely integrated 

ft., but, aa , u LT ^ £r ° m batt,ry 

*. WUi be hereinafter exoisin^ , 

tables (LUT ) provide adjustmen . ' ! a * ' ° k UP 

. Precise capacity ad lust™! T " t0 6hable "^e 
p _ , ** v*uy_ adjustment. For in<zi-* n . 

(described below with r««r, Q * ta " Ce ' a fi rst LUT 

wxtn respect to Flours 
current efficiency factore H , 9 * 2 (c), comprises 

st a U e o/ ch : rg : s th Tr:::: r n the b ^ 

a second LUT Xrl" n ; .^""'k' U " 

" tM dep - d =- relative sta t „' char- TT* 

temperature- and , cnar 9e and 

ute ' ana, a third LUT wfi-h r-«^ • ^ 

corrections dependent upon ^e dischar" " 
and temperature which oLe thl "^"^ cur "« rate 

capacity „hich can be Ixtract „T " £U " 

extracted fron, the battery under 
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relaxed conditions after the battery has reached an end 
i of discharge voltage condition at a given current rate. 

The flow diagram for the current integration 
process 400 is shown in Figure 13(c). As shown in 
Figure 13(c) the first step of the current integration 
5 process is to determine the magnitude of the relative 
state of charge (soc). The soc is defined as the actual 
capacity expressed as a percentage of the full charge 
capacity (i.e., the capacity of the battery when fully 
charged) and is used to estimate the amount of charge 
1Q remaining in the battery. Thus, as indicated at step 

405, a determination is made as to whether the remaining 
capacity is greater than zero (0). If the remaining 
capacity Itf is a negative number, the full capacity is 
incorrect and must be learned and the soc value is 
clamped to zero (as indicated at step. 412 in Figure 
13(c). Otherwise, the soc calculation will take place 
at step 410. As previously described, until the full 
charge capacity of the battery is learned," the full 

charge capacity is initialized as the design (nominal) 
capacity. 

20 

Next, as indicated at step 415 in Figure 
13(c) , the c_rate is calculated. The c_ rate is defined 
as the rate in which it would take the energy source to 
drain in one hour and is measured in units of reciprocal 
25 hours. The C_rate calculation in step 415 is based on 
the actual current value (I) and the present full charge 
capacity value and is additionally scaled. A 
determination is then made at step 418 as to whether the 
battery is in a capacity increasing or capacity 
decreasing (discharging) state. If the capacity is 
increasing, then the battery is being charged and the 
charge calculation must take into account a charge 
efficiency factor, made available in a LUT for charge 
efficiency, accessible by the microprocessor, as 
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ZTtlT- rePrM * n " d "> "gure "CO- Thus. « step 
1 =har« ^ •«"<*««»■ factor dependent upon the 

charge current, relative ata t a u 

temperature ls ac <S ° C) ' and 

Figure 22< c [ For instance, as shown in 

Figure 22(c), when the battery is charged to • , 
5 approximately 95 % of full capacity, and the current ! 
being charged at a 0.1 c rate at a t- D current is 

th 0 „ - ate at a temperature of 45 »c 

tha charge efficiency £ .ctor is found to ba about 0 8 ' 

Zl e " iCie "^ £ *««= •» -Piricauy derived 

10 Figurine? T "Prestations shown i„ 

Figure 22(c) are £or . battery state 

It is understood that charga efficiency valuH 111 

15 current t^^J^l 1 " Ch ^° «« «- 

current and the ch^ a " CC0Unt 

•t step « 5 ! . * afflciancy factor is calculated 

at step 435 to form tha tan. ..i^t. in aquation (1, 

at : ; wiii" use v° increment the « 

2Q P as will be explained below. 

If at step 418 it is determined that the 

"iz:i«%Tir in9 - the ~ •* he 

at step 422 H ' I.™!. ^f"" 9 * ^« " « 
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at step 422 in r< * ytAe as indicate 

step 425 wheth is next determined at 

previous! self -discharge flag had been 

previously set (see step 175, Figure i 3fa n mn- * • 
that the battery, discharge current is ^n 
and that onlv the S ai, u . n 3 ■*» 

considered. If the selTdi ' Pr ° CeSSeS *» 

set a-i, self -discharge flag bit has not been 

set, a charge calculation is made at step 440 to 
increment the integration. The final integration is 
accomplished at step 445 wherein rno u 
calcui a i-oH 4- . w herein the charge increment 

re"m! th6r St6P 435 " 440 is ad ^d to the 

remaining capacity lt f, and , as indicated in £ 

r 
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(1). Additionally, at step 445, the charge is 
1 integrated for an error calculation and the running 
total of the error is also calculated as will 
hereinafter be discussed in detail. 

If At is det ermined at step 425 that the self- 
5 discharge flag has be'en set (step 175), then the battery 
is selfdischarging without any external correct drain 
(step 175, Figure 13(a)) and the residual capacity ls 
calculated at steps 451 through 456. The first step of 
this routine is to determine the residual battery 
1Q capacity value. This value, which is dependent upon the 
current c_rate and the temperature, is accessed at step 
451 by the microprocessor from the look-uo table 
depicted in Figure 22(a). For instance, as shown in 
Figure 22(a), at a temperature of -20° c and a current 
i5 drain of twice the C_rate, (2C), it has been empirically 
derived that approximately 92% of the full battery 
capacity will remain when the end of discharge voltage 
is reached. When applying a light load (e.g., C /10 
discharge rate) at a temperature of about 23° c, 
2q virtually no residual capacity will remain when'end of 
discharge voltage is reached. 

At step 455, a determination is made as to 
whether the C_rate is greater than a high discharge 
threshold rate (preferably of mAh) and whether the 
25 End of Discharge Mag (see step 262, Figure 12) had been 
set. if not, then the capacity calculation at steps 440 
and 445 is performed as described above. if the current 
discharge rate is higher than the high discharge 
threshold rate, then all of the capacity resets are 
3Q disabled, as indicated at step 456, and the integration 
procedure continues at step 440. 

During the operational state of the battery 
whether the battery capacity is increasing (CI) or 
decreasing (CD), the end of charge conditions (EOC) and 
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determinate as to "^T^T ^ ^ 
capacity increasing or can! J ^ttery is ±n a . 

5 -charging, 5tflt J 

"(b). if tne capacitv ■ . tSd " ste P "8 in Figure 

*or determining wh P eth e r y an ZToTdl ^ ^ ""^ 
as indicated at step 500. ^ T " " been met 

decreasing *u e capacity is 

decreasing, then the routine for det e ™< 

^Condition CD has been met as TnlTt * M 

met as indicated at step 600. 

PbservaHnn routine for ~ 



15 

a charge t^ST™" °* ^ IC ^ 

voltage .lo^^«^~! f meth ° dS ' « "-*iv. 

V/cei 1/m i n I t I fun c mV /cell/ m in +/ - 5m 

pn 0. 9 o /mln +/ _ ; 2 ^age; a that exceeds 

20 of 120% of fuli chlrle " 3 Preferr6d C * lcu ^ed charge 
to 150 % of CAP Th PaClty (bUt ^ *«m 100% 

the hoc trigge^ndTtio r ° Ut h ine « one of 

^ the flowTagli: o Zrl ^ ~ t 

g ams of figures 14(a)-l4(d). 

25 lf it ls determined that the r-a«=I*^ 

increasing, then th» * • capacity is 

a/ i-nen tne first sten «?n«; ^.t. 
state) observation « 505 of the EOC (CI 

y observation process 500 illustr a t-^ • 
14(a). is a . mustrated in Figure 

when it is determined that the battery has 
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supplied all the charge it can without being damaged. 
2 until the battery reaches that capacity level, the 

FULLY_DISCHARGED status flag will remain set. Next as 
indicated at step 510, the first HOC trigger detection 
method is performed. This first method is a 
5 determination as to whether the dT/dt trigger enable 
condition has been met, and, whether the slope of the 
temperature increase dT is greater than or equal to a 
threshold limit indicating an EOC condition. 1„ the 
preferred embodiment, the dT/dt trigger enable condition 
1Q is satisfied whenever the relative state of charge (soc) 
is above a 50% threshold limit, and, an end of charge 
condition is detected when the slope of the temperature 
increase becomes greater than a threshold of about 
0.9°c/min. it should be mentioned that the slope of the 
15 temperature may trigger EOC when it is detected within 
the range from 0.5 »c/min to 12 °C/min. if either of 
these conditions are not satisfied, then a second method 
of detecting an EOC condition, namely, a detection of 

neo^r Sl ° Pe ° f V ° lta9e ChangS ' dU/dt ' ^cornea 

20 V I f:r ln ^ °* dU/dt mUSt have * --imum 

amount and the charging current rate (C_rate) must be 

greater than a certain value, is performed at step 54 o 
as will be explained in further detail below. If the 
dT/dt trigger enable condition has been met and the 
slope of the temperature increase dT is greater than or 
equal to the EOC threshold limit, then a determination 
as to whether the EOC flag has been set is made at step 
512. When the EOC flag has not been set, then the • 
number of cells in the battery pack will have to be ' 
3Q learned -a process indicated as element 700 in Figure 
14(b) to be described below. Whe ther or not the number 
of cells m the battery pack is learned (as will be 
explained below), at step 700, then step 570 is 
performed wherein: a) the EOC status flag is set; b) the 
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remaining capacity is set equal to 95% B > -w « 
. charge capacity c > tha the fUl1 

1 the overfL fL L * «• cleared; d , 

cleared; and e) the f ^ calculation is 

indicating tha th Jtte^h iS 
termination . batter y »«■ reached a charge : 

5 steT575 s^i r* F r nally ' the ^orithm proceeds to 

met the si" ^ trl " er enable co "cition has been 

met, the slope of the temperature increase dT is area!! 

flag has been set (step 512), then a determination Ts 
made at step 514 as to whether the remaining capacity 
dtf ) is greater than or equal to the full charae 

the uncertainty calculation is cleared, if the 9 

the full charge capacity (step 514) then the .iJ, f ! 
proceeds to st en s 71! algorithm 
* ^ step 575, shown in Figure 14(c), where th* 

terminate charae at,™ *i wnere the 

— k^-.___. 5 alarm fla9 13 set «- I" the prefers 



embodiment, the terminate charge i ^ mLt be ^et 

c^itT batt6ry d6teCtS E0C °" ™* ° f th. EOC trigg" 
25 conditions or when an over temperature condition ellsl 
1-e if t * AL_H1_TEM P (step 222, Figure 12), L ' 

a^aTh ^ ^ t6rminate Ch " 9e al ~* ^g may 
already be set by the M % full-trigger, which is * 

initiated when the first temperature slope trigger 
3Q condition is satisfied at step 510. " 

full r»h After remainln 3 capacity is set to the 

a st ep Mo 6 r P : City ^ SteP 520 ' ^ -^rithm proceeds 
at s tep 530 tQ determine whether ^ 

"ill on. This is accomplish by checking for a 
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the carger i. still „„, then it ie knom J » 
charger is continuing to overcharge the battery and 
algorithm must seep trac* of the amount of battery 
5 overcharge. Thus, at ate P 532 in Figure 14(.,, cle 
total amount of overcharge is calculated by adding the 
Til' H C r Se " ™">"W »9i=ters (not sho™, 

n.v ~ r n " onad that th * ™ ' 

a!Ice th ' t ° t ° 1 a " OUnt ° £ «verch.rgi„g 

10 t£n.« ' y " S " rt " UP 15 Whether or nit 

," 5 " he " the overcharging alarm status flag i6 

a" E« i^i* n r, b " tery iS bein ^ ba'ond 
stents h ?' Ti "° lly - Proceeds to 

15 1 1. T Fl9Ute " <C '' «*«•■«*• terminate 
cnarge alarm flag is set. 

If AS menti ° ned above respect to step 510 

t i:: • r r r v ri " er enabie condition - 

is Sl ° Pe ° f thS tem P e "ture increase dT 

20 then 9reater tha " ° r 6qUal t0 the EOC threshold liJt 
ITtoLlTT meth ° d ° f det6Ct ^ EOC ■" c-dition s 

540, a determination. is made as to whether: a) the 

be'eln^r 8 ^ th * ""erence 

25 for one ^ th * cu "^ value 

for one (i) rainute is preferabl x so mm 

greater than a threshold amount of preferably 12 m V/m- 
-d c, whether the charge current is greater than a 
3Q Predetermined rate, preferably, a rate of c/io. If 

not sit? " COn<1 ° , " h0d E0C tri W """"ions are 

conditio the " 2 '"^ " eth ° d " d *"=""9 « 

condi tl o„ namely, a detection o, whether the relative 

state of charge ,soc, is above 120% and the current rate 
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is between C/50 and r/c < 

wdu and c/5 is performed at sten s<m 
, should be mentioned thafc fche 545^ It 

triggered when the relative stat* of u 

detected within th„ Char9e (soc > is 

the seconded toTTl °' ^ " a11 ° f 

5 are satisfied then h tri " er Condi "ons 

uea ' then a determination as to 
EOC flag has been set ^ whether the 

14fcl T f ,!! ' de 3t Step 550 Figure 

"(c). If either the second method EOC tricroer 

IZsT™ ^ thlrd ^ E - digger cond^Ls are 

10 th It ^ E ° C fl3g haS been "t (step- 550) 

then the fully charged stafcus 8et at L ' 

indicatina thai- »-h« w . step 555 

ating that the battery has reached a charoe 

caMH( . , 14 (a)/ by clamping the remaining 

w e E0C fla 9 has not been set th»„ 

the number of cells might have to be learned 
indicated as element 7nn - v. ! Earned- a process 

as exement 700 to be described below Wh-n 
the process of lear-ninr, ' Wnen 

batterv is Z * earnln 9 the amount of cells in the 

20 set aTstep 5si ^ ^ E ° C StatUS vill be 

set at 11 I fUUy Char9Sd stat « "ag is 

a c^r;^ 5 that the battery has JacLd 

at 3^520^™/°:" al9 ° rithm 

v described above. if all throp xmn + * 

figure 6(b)) continues. 
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reached V^"** 61 * '' a trigger condition will be 

s increasing, dU > DU_MIN, where DU MIN is a 

predetermined value eaual <-« « 

q to the number of batterv r,-^i, 
cells multiplied by lOmV and t-ho r- Da ttery pack 

to be constant » A" current is determined 

e constant and the charge rate is higher than 0 3c 
The charge current is considered constant if | x . z 



WO 96/15563 PCT/US95/14543 

-60- 

I < 50 m A and I I - I'M < 5 0 mA where l«» was the 
2 previous value of the current measurement. The 

constancy of the battery charging may be calculated in 
addition to, or, in place steps 250 et seq. of the jut 
calculation routine Figure 5(b), where the method of 
5 calculating -dU may be accomplished without time 
dependency. 

Learn n umber of cells routine 

As described above, an emergency power-down 

1Q condition may occur wherein all RAM contents are lost, 
in such a situation, it may be necessary to relearn the 
number of cells in the battery pack. Rather than 
burning in the number of cells for a particular battery 
module in the ASIC ROM, the number of cells may be 

15 learned to enable the ASIC to be configured with other 
battery packs having a different number of cells. The 
relearning of the number of cells is indicated by a bit 
(CALIBRATED bit) in the AL_STATUS register, which will 
indicate whether the number of battery cells has to be 

20 relearned ' In the preferred embodiment, it is easily 
accomplished by utilizing the voltage measured at the 
battery pack terminals after an EOC condition, described 
above, is met. 

The first step 705 in the learn number of 
^ cells procedure 700 shown in Figure 14(d), is to ' ■ 
determine whether the battery pack is uncalibrated, 
i.e., whether the CALIBRATED bit in the AL__STATUS 
register indicates that the number of cells should be 
learned. if so, it is determined at step 710 whether 
3Q the converted voltage value, U (mV), measured at step 
210, Figure 5(a) during the IUT calculation procedure, 
is greater than 11 volts. if so,' then it is concluded 
that the battery pack has nine (9) cells and the number 
of cells is set at nine in step 720. If the measured 
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voltage value, U, is not greater than 11 volts then . 
1 determination is made at step 715 „■ ^ the " * 

voltage is greater than 7.5 volts. if so , th ~ 

concluded that the battery pac* has si* ( , and 

the nu^er of cells is set at six la step 
. measured voltage value, u, is not greater than 7 5 

four tS ; 4 rc e e n ir iS H C ° nClUded that «>• ^ttery pack has 
four (4) cells and the number of cells is set at four In 

;; p ;r; f After the number of ceiis is ^JL u h n 

EOD cutoff voltage, uempty, is set equal tc the number 

' 1 02^1/ Pli6d ^ ° Peratin9 ba ~**y V °^e of 

III . ^ Preferred sediment as indicated at 

step 740 in Figure 14(d). 

Observation routine ~ paC i t y decreasing end 
conditions a — 

As previously mentioned, the capacity 
calculation routine 151 at step l 98 makes a 

^ncr^r 10 " " t0 Wh6ther ba " ery 18 ln a capacity 

increasing or capacity decreasing (resting or 

discharging) state, if it is determined that the 

EOD^n 7 18 deCreaSi ^' then the first step 605 of the 
EOD (CD state, observation process 600 illustrated in 
figures 15(a) and 15(b), is a determination of whether 
end of e dL n ch V ° lta9e m * aSUrement < U > ^ ^-ater than the 

the EDV volT r9e / 0lta9e (EDV> ^ St «-^- "hen 

the EDV voltage is reached, it is an indication that 

discharging should be stopped to save the battery from 
damage. Typically, the EDV is 1.02 V/cell. i/Le 

flarLr^ 1 " 6 " 15 9rSater th3n EDV V ° lta ^' then a 
flag indicating that the voltage is greater than the EDV 

voltage plus hysteresis is set at step 610. if the 

voltage is not greater than the EDV voltage pl us 

hysteresis, then the flag is cleared at step 6i 2 
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Additionally, as indicated at step 613, since the 

1 Ov^ChLa! de !r aSing ' ^ Terminate Ch «S* Alar, and 
Over Charging Alarm flags are cleared. 

A determination as to the value of the 
remaining capacity (itf, is made at step 615, where it 
_ is determined whether the remaining capacity is less 
than the calculated error (i.e., the uncertainty 
capacity). if the reraaining capaclty is legs ^ ^ 

calculated error, then this is an indication that the 
battery pack has no more capacity and is fully 
discharged. Consequently, the FULLY_D IS CHARGED status 
flag is set at step 618 and the process continues at 
step 619 . I£ tnere ls remaining capaclty/ then 

FULLY_DISCHARGED flag is not set, and the process 
continues at step 619 where a determination of the 
relative state of charge is made. If the relative state 
of charge (soc) has dropped below some hysteresis value 
preferably, about 80% of the full charge capacity, then' 
the ^CHARGED status flag is cleared, as indicated 
at step 620. Whether the FULLY_CHARGED status flag is 
cleared or not, the process continues at steps 625 and 
630, where the cycle count number is updated. At step 
625 a determination is made as to whether a cycle count 

bv ! 5 % ' Snd ' Wh6ther CapSCity has ^creased 

^15% of nominal capacity. if these two events of step 

625 have occurred, then.the cycle count register 
containing a value of, the number of times the battery 
has been charged or discharged (not shown), will be 
incremented at step 630 and the cycle count flag will be 
set. it should be understood that in the preferred 
embodiment, the cycle count will be incremented whether : 

Whethe \h battSry £Ully ° r charged. 

Whether the cycle count flag is incremented or not, the 

process continues at. step 640, where a check is made as 

to whether the EOD flag is set, and, whether the reset 
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flag is clear, if either . ■ 

1 the «"t flag is not clear then fn ° r ' 
observation routine 600 is exite d I£ 7 h 
set, and, the reset fiaa , * E ° D fla& is 

is made at step 645 a 1 1 C ^ then 3 ^termination 

q charge, f laa „L b! e ! th * EOC of 

5 a *xag n as been set and whether tho ^ 

Specifically Lne™: " ^ ^ 

and the uncertainty capacity is below 8% of It 
capacity, the full charge 6 nomlnal 

with the formula- ca P*city is reset at step 650 



„ full_cap = full _ cap + fun _ cap ; pd/25g _ 

correal" ^ r6SldUal 

Figure 22^ "! « ' *"* ^ tab ^ of 

y ^ 2 (a) and dependent upon the disc-h^ « 

rate and temperature The h, , diSChar 9 in 9 current 

20 integer scaling of p d * ^ ^ Pr ° Vides f °r an 
exchange the rLIi f mea " ln9 ° f the formu la is to 

capacity ^ Z i ^ * ** ""^ 

fhE - ^™ table, which contains irac+<~ 

the full charge canacitv ,m 4. . "actions of 

a obtained is cJlc!iaTrf I residual capacity 

2 5 , calculated from step 451 of th c „u 

integration process of r< charge 

. is reached vU 'll I 'ilT " <C,) - " E ° D 
=y=le. the amount o tT^LZT " ln 
higher at EDV (less (remaInI " a «P=city-> «u be 

. the accreted "Ircec ^ " P "" y "" h 
30 a cn arged capacity) . The full 

capacity wlll be educed by the oi ££ ere„=. o£ It T 
compared with i-k«=> * " ce ot Itf 

v watn the former cycle so that- 

battery i s taken im-„ 6 aoein 9 of the 

V used in several partial charge/discharge 

IS 
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cycles without reaching an EOC or EOD point, the error 
± of the caiculation can accumulate to a heavy diL! 

between the reel capacity end the calculated remaining 
capecity The al90rlthn , (MaxE H " 

z:M": d e^ ae r u beiov " oaicu - 1 — 

5 Precise es th """""'^ """^ "s operation es 
precise as the capacity integration itself on the be*. 
ot a percentile error for each operating 
uncertainty is re.et to zero at each EOC and EOD point 
An uncerteinty of aoove 8* disables the foil capaclcv 
10 reset. Additionally, when the conditions et step etl 

the' tV, S " ed ' E ° C " S9 13 ' indicating that 

the feu ch e r ge capacity has been reset. After the,,, 
charge capacity is reset „t.p „.,. or , JTis 
determined that the uncertainty error is greater than 
the prespecified value of e S . „. the EOC flag L not 
»at. then the algorithm continues at step 655 
uh „. . " 5tep 655 ' a determination is made as to 

* T^iiviT ii v rr diach - — > 

is l«« ^ Z6ro ' or ' Aether the present c rate 

20 the :i: a :* a : the c - rate at ^ ™ t. 1OT . r . and , wh ^; 

triooer is J & Satisfied ' th * Present current at the EOD 

ctlciV 6qUal t0 thS P " Sent C -" te < the delayed 

capacity reset value ig equal ^ ^ ved 

25 canacit """^ ^''^ to -1-y 

capacity reset after EOD are set at step 660. Else if 

both of the conditions of step 655 are not me t, then t L 
-d conditions observation routine 600 is exited 

30 occurred ^ E °° tri ^ring has not 

occurred, then the capacity calculation is exited . 
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System management bus k us Lnterfnr . a 

^ 2(a) and 2^ deSCr ? d *"* Sh ° Wn in Fi ^- 

2(a) and 2(b), . modified Phillips I»c bus interface is 

co^^tl b3ttery m ° dU1 -- 28 t0 wit^n 6 a iS 

5 Hos! -^sing the ASIC 32 and the battery 10 

a host computer 16, and a smart charger 22 As 
mentioned previously, requests are either from the host 
computer to the battery, from the charger to the 
battery, or, from the battery to either the host or 

10 th! r n; ^ eXamPle ° f 3 tyPiCal c <«*cation between 

on and ol7 ^ *** ** t0 SWitch th * 

host col": t0 3 C€rtain ch ~Sing.rate. The 

host computer may request information of the battery 

such as the battery state, or, the battery alarm 
15 conditions such as minimal capacity, or, 

overtemperature. Th e bus interface control circuit 75 
controls all requests and alarm conditions via two 
serial ports SMBCLK and SMBDATA over the system 
management bus. 

20 , Wh6n batter y 10 ^eds to inform the host 

abo!t ^ C ° nditl0n ° r to " battery charger 

about its desired charging voltage or current, the 
battery acts as a bus master with write function 

reques't'fr'Vr Wil1 fUnCtio » evaluate the 

25 bus L frleT " P Ch6Ck " : the SySt6m 

generates a start bit and sends the address of the 
battery charger or host; checks whether the ACK-bit has 
been sent from the charger or host and gives a message 

3° bus and h ^ SUPPlied ^ thS " P °« t*e 

end of th \ blt; 9SnerateS 9 StOP " bit at the 

end of the transfer. 



When the battery 10 is requested by the host 
to provide it with information to be explained below, 
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the battery acts as a bus slave with read and write 
1 capabilities. For instance, during the steady-state 
operation, the host might request some information from 
the battery and will formulate a request. Figure 16 
illustrates the software algorithm compatible with the 
5 system management bus interface protocol for providing 
communication between an external . device (host PC or 
battery charger), and the battery, which acts as a slave 
thereto. 

Specifically, the first step 750 in Figure 16, 

1Q is to decode the command code that has been sent by the' 
external device. Illustrative command codes are 
discussed hereinbelow, and each typically requires two 
bytes of data to be transmitted which Is indicated as 
the variable "count". The next step, indicated as step 

15 752, is to determine whether the command code sent is a 
valid, recognizable command word. If not, a unsupported 
command bit is set at step 755 and the transmission will 
be terminated as indicated at step 758a in Figure 16. 
If the command is supported, the battery will perform an 

2Q internal check to determine if an error has occurred at 
step 759. if an internal error is found, then the 
algorithm will enter a timer loop which will keep 
checking the internal flag until an error is confirmed 
or the timer (not shown) times out. This is indicated 

^ at step 761. if a correct value is found at step 759, 
then the algorithm will continue at step 764 to 
determine if the decoded command code calls for a read 
or write function. if the timer has timed out, or, an 
error is confirmed at step 761, then an unknown error 

3Q flag is set at step 763 and the software transmission is 
terminated at step 758b. 

When functioning as a slave,. the battery will 
perform either read or write functions. At step 764, a 
determination is made as to whether the command code' 
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input (step 750) is, a read or write command. if lt ls a 
read command, a determination is made at step 765 as to 
whether the battery is to perform a calculation as 
requested by the external device and return a value to 
be read by the external device. Examples of 
5 calculations made by the battery in response to a query 
{for e.g., AvgTimeToEmpty( ) ) from a host device are 
described in greater detail below. The battery „ P will 
proceed to perform the calculations at step 768 and will 
return a data value to a specified address location as 
1Q indicated by the read block routine at step 800 and 

explained in detail below. if it is determined at step 
765 that a calculation is not to be performed, (for 
e.g., only a voltage value is requested) then the 
algorithm will proceed directly to the read block 
i5 routine 800 as shown in Figure 16. 

If, at step 764, it is determined that a write 
function is to be performed wherein a data value is to 
be written to the battery address location from an 
external device, (for e.g., the AL_REM_T I ME threshold 
2q value), then a write block authorization check must be 
performed to determine if the external device may 
perform the write function. This is indicated at step 
771 where a password is checked for validity. if the 
password checked is not an authorized password, then 
25 access will be denied as indicated at step 774, and the 
external device will not be able to perform the write 
function and will terminate the software transmission at 
step 758b. if the external device is authorized to 
write data to a battery address, then the device will 
3Q write a data value to pre-specif ied- address locations 
as indicated by the write block routine at step 775 to 
be explained in detail below. 
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Host to Smart Bat tery Communication 
1 A host to smart battery communication 

transfers data from the battery to either a user (of a 
host PC, for e.g.), or, the power management system of 
an external device. A user can get either factual data, 
5 such as battery characteristic data, (Voltage(), 
Temperature ( ) , charge/discharge Current () , 
Averagecurrent() etc.), or, predictive (calculated) data 
such as the battery's remaining life at the present rate 
of drain, or, how long it will take to charge the 
10 battery. It: should be mentioned that a real load, 
e.g., a host PC monitor, has a constant power 
consumption. When remaining time values described below 
are calculated (using the assumption that the currents 
are constant) , errors and inaccuracies may occur. Thus, 
i5 it should be considered to assume a constant power 

consumption of the load when calculating the remaining 
time and other variables. Thus, in the following 
calculations such as RemainingCapacityAlarm( ) , AtRate(), 
RemainingCapacity{), FullChargeCapacity ( ) , and 
2q DesignCapacity() average power values may be 

utilized as an alternative to average current values. 

The following control commands are 
representative of battery supplied information when 
queried by a host device or host PC: 
25 The RemainingCapacity( ) function returns the 

battery's remaining capacity and is a numeric indication 
• of remaining charge. Depending upon the capacity mode 
bit, the Remain! ngCapacity ( ) function will return a 
value in mAh or lOmWh. The value returned is calculated 
as follows: 



30 



Itf[mAh] - Xtf_err[mAh] 
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where the uncertainty error itf err i. «-k 
value and . " - err is the subtracted 

1 TrlT PUt ValUS iS cut •tOIf(|it 1 |< 

I Itf_err | ) . v r " 1 < 

retrieves T h l ^ mainln 5C a pa C it y Alarm( ) function sets Qr 
(described 1 thrSSh ° ld v«lu. AL_REM CAP 

5 o ed i R M ^ CaE>aCity ala ™ value" 

\trr in9capacity() — — 

messages to the host'w^H !T * * Warni "SO 

bit sit L REMAIN ^G_CAPACITY ALARM 

oit set. At manufacture, the at. brm ™ d •, 

tni . , ' tne Ali_REM_CAP value is set to 

10 altered Z H ^ «»*« 

funct!! f ^^"^^cityAlarmO function. This 
function is use d by any host system that desires to *nl 
how much power it uni < "ires to know 

state ,t k, tequlre to save its operating 

15 rs^isr at which the h °" — «~ to . 

ro t w ^ "•" ainl "9'i"«Al»rm() function sets or 

est^r:: AL - REM - TIME "-the 

10 below the AL REM ^/""^^^^f > Unction faUa 
„.„,„ ^ v «"«' the battery sends Alarm 

warning) messages to the host with the 

Is L t / ! ^ dlSableS thi = — «>* value 

!5 ^e PullCh *° 10 " InUteS " ° £ —facture. 

or learned b^" 1 ^'' iU " Ctl ° n th « Pr-le«« 

or learned battery pack capacity when it is fully 

lOmWh, depending upon the setting of the CAPAC1TV „ 0DE 

0 theoretical bel °" ) • ^ ■«*" W**y ( > returns the - 
theoretical capacity of a new battery pack which when 

compared with the value returned by the 
f ullchargecapacity, , , will provlde an indication of the 
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battery wear. This information is useful by a host 
1 device or host PC to adjust its power management policy. 

The AtRate{) function is the first half of a 
two-function call-set used to set the AtRate value used 
in calculations based on capacity made by the 

AtRateTimeToFullO, AtRateTimeToEmpty( , , and, AtRateOKM 
functions. 

When the AtRate value is positive, the 
AtRateTimeToFullO function returns the predicted time, 
preferably in minutes, to fully charge the battery at 
10 the AtRate value of charge (value is in mA or 10 mW) . 
The calculation formula is governed by equation (_) : 

time:= 60 * (full caofmAhl - ItffmAhn 

I AT_RATE | 

15 where "time" is the returned value in minutes. 

The AverageTimeToFull() function returns the 
predicted remaining time in minutes until the battery is 
full if a current like the last minute rolling average, 
I_avg, value is continued. The calculation formula is' 

20 9° v erned by equation (_) : 

time:= 60 * (full capfmAhl - ItffmAhn 

I_avg 



25 



30 



where "time" is the returned value in minutes. 

When the AtRate value is negative, the 
AtRateTimeToEmpty() function returns the predicted 
operating time, preferably in minutes, at the AtRate 
value of battery discharge, until the battery will be 
exhausted ( EDV condition) . The calculation formula is 
governed by equation (_) : 



( ) 
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time:= 60 * (ItffmAh] - 



-71- 



full_cap[mAh] 
Itf errfm Ah 

I AT_RATE | 



P d _at_rate/25 6 



25 



where "time" is the returned value in minutes, |AT rate 

5 LILV^" V3lUeS ^ * the AtR teV 

121 W " 6re Pd - at "" te "P"sents the remaining 

capacity (fraction of full.capacity , and is divided by 

Itf IT! °l 256 t0 30316 ^ ValUe t0 * ^on. 
Itf_err is the uncertainty error as explained below 

10 Wh6n AtRate Value ls "egative, the 

AtRateOK(, function returns a Boolean value that 

of e aal\ S , the i battery ' S abillty t0 SUPPly the AtRatevalue 
iL t tt disc ^ energy for 10 seconds, i.e., lf 

the battery can safely supply enough energy for an 
additional load after the host PC sets the AtRate value. 

The RunTimeTo Empty ( ) function returns the 
predicted remaining battery life at the present rate of 
discharge (minutes) and is calculated based on either 
current or power depending upon the setting of the 
CAPACITY MODE bit (discussed below) . The vaiue 

mLloemenr Ctl0n * h ° St PC « devic « P«-r 

management system to get information about the relative 

gain or loss in remaining battery life in response to a 
change in power policy. The calculation formula is 
governed by equation (_) : 



15 



20 



30 



time:= 60 * <Itf[mAh].- full_cap[mAh] * pd/256 

— Itf errf mAh " 

UlfmA] 

where "time" is the returned value in minutes and takes } 
into account the remaining capacity in the battery after 
EDV which can be get out only by reduction of the load- 
HI is the current, pd := pd(C_rate( | I | , T ) and is 
calculated in the capacity calculation algorithm pd 
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represents the remaining capacity (fraction of 
1 fuli.capacity) . This value is divided by 256 to obtain 
a fraction. itf en- » e ♦.>,» ootam 

xtr_err is the uncertainty error as 
explained below. 

The AverageTimeToEmpty( ) function returns e 

5 ZllTrlTj 01 ^ aV6ra9e ° f P " diCted gaining 

battery life (ln minutes) . and ls calculated based « 

either current or power. This function provides an 
averaging of the instantaneous estimations, thereby 
ensuring a more stable display of state-of -charge 
1Q information. The calculation formula is governed by 
equation (_) : . 
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time:- 60 * (itffmAh] - full.capfmAh] * pd avg/256 

- - Itf err fmahi' =" 

I_a vg [ mA ] 

uPdlte? 1 "'' 18 "^^^ V3lUe ln minUt6S ' 1 -g 'J 

updated every 0.5 sec, pd.avg := pd(C_rat e( i avgT, T) 

and is calculated in the alarm_control routine one cycle 
b fore and represents the predicted residual capacity 

56 11 I II ° fUll - Ca ^ Cit y>- ~- value is divided by 
256 to obtain a scale fraction. Itf_err is the 
uncertainty error as explained below. 

graphs a ZlT " illUSt " teS tWO volt ^ versus time 
graphs, a and b, comparing calculated battery capacitv 

! TslTTTl S b VSriOUS ™t ra'tes for 

a six (6) cell battery pack. As shown in Figure 23 

graph a, the voltage will rapidly decrease to an end of 
discharge condition in a short amount of time when a 
load amounting to a discharge rate of 2C and yielding 
approximately 1.554 Ah (amperehours, is applied to the 
battery, when the load is significantly decreased to a 
C/5 discharge rate, the battery pack voltage will 
generously rise to extend the life of the battery for an 
amount of time to yield another 0.816 Ah. Graph b 
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TtlVi* V 9 differSnt time scaie than graph a, shows 
1 307 H ^ " WiU yi6ld proximately 

c'rate ; h T° ^ ^ *' li9htened tc > the 
til h ' t6ry V ° lta9e Wl11 slightly and 

the battery life can be predicted to extend for an 

5 amount of- time to yield another .078 Ah until end of 
discharge voltage is reached. 

As discussed above, certain calculations are 
dependent upon the value of the uncertainty capacity 
i-e., the maximum possible error obtained during the' 

iq capacity calculations. The MaxError( ) function returns 
the actual uncertainty in the capacity calculation in 
percentage, a MaxError ( ) output of 20% means that the 
real value may be between 10% below and 10% above the 
internally calculated capacity. Most of the 

i5 calculations in the system management bus interface 
already subtracts the uncertainty error, so that the 
error will be -0/ + MaxError()%. The uncertainty is set 
to zero on EOC and EOD conditions by the capacity 
algorithm as explained above . The calculations 

2q performed are as follows: 

Itf_err := Itf_err_C_D * EPS/256 + 

Itf err S * EPS s 

256 " 

max„error := 2 * loo * ltf_err [mAh J/f u-il_ca Pt mAh J 

where Itf_err_C_D is the always positive accumulated 
charge during the charging and discharging mode; 
Itf - err - s ls the accumulated charge of the 
self_discharging process. Because of the permanent 
presence of self discharging, even while charging, this 
accumulation is done all the time using the LUT 
dependency from relative state of charge (soc) and 
temperature. Both accumulators are reset to zero at EOC 
and EOD condition. EPS is the error fraction of the 
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capacity calculation -especially from the LUT and from 
A/D measurement - while charging or discharging, with 
the scaling factor 256 applied. EPS_S is the error for 
self discharge-charge integration as fraction. The 
uncertainty will grow undesirable if the battery will 
not be fully or discharged over several cycles and the 
learn mode of the full capacity will be disabled. 

The CycleCount() function returns the number 
of charge/discharge cycles the battery has experienced. 
The cycles count on each charge decrease with the amount 
of 15% of the design capacity after the last recharging,, 
which needs not to be a full charging. 

Other registers contained in the DBOS memory 
scheme is the BatteryMode ( ) register which is used to 
select the battery's various operational modes. For 
instance, the BatteryMode ( ) register is defined as 
containing a CAP AC I TY_M0DE bit which is set to specify 
whether capacity information is to be broadcast in units 
of mAh or mWh (milliwatthours ) . This bit allows power 
management systems to best match their electrical 
characteristics with those reported by the battery. For 
example, a switching power supply is best represented by 
a constant power model, whereas a linear supply is 
better represented by a constant current model. 
Additionally, the BatteryMode ( ) register contains a 
CHARGER_MODE bit which is set to specify whether 
charging voltage and charging current values are to be 
broadcast to the smart battery charger 22 (Figure 1) 
when the smart battery requires charging. This bit 
allows a host PC or battery charger to override the 
smart battery's desired charging parameters by disabling 
the smart battery's broadcast of the charging current 
and charging voltage. 

Another function calculated on the basis of 
capacity is the BatteryStatus ( ) function which is used 



35 



WO 96/15563 

PCT/US95/14543 

* 

-75- 

by the power management system of a host device or PC to 

1 T t St3tUS bitS ' as wel1 " error codes from 

the bat ery statug reg±ster> Thig re ° t d u e r S ns fr t ° h m e 

battery's status word flags including alarm warnlnc Til 
^^f^^' TERMINATE CHARGE ALARM^ ^ 
5 S^^'S^l TERMINATE_D1 SCHARGE_ALARM , 

status bitei ! ' and ' REMAININ G-TIME_ALARM and 

status bits including INITIALIZED, DISCHARGING, 
FULLY_CHARGED, and, FUIXY_DISCHARGED. 

Ancillary functions that the battery 10 is 
1Q capable of performing include: the Specif icationlnfoM 
for providing the version number of the smart battery 
specification the battery pac* supports; the ^ 
Manufacture te(, for providing a system with 
information that can be used to uniquely identify a 

15 Tnf! ^ battery '' ^ Serial Numb "(), which provides 
Information for identifying a particular batter!- the 
Manufacture^) f unction returng ^ name J'^* 

returns a character string that contains the battery's 

20 thaTcon 1 : ° eVi " ChemiS ^n ™s a character string 
that contains the battery's chemistry; the 

ManufacturerData(, function which allows access to the " 
manufacturer data (e.g., lot codes, number of deep 

cental T PattSrnS ' dee ? est Uncharge, etc., 
contained in the battery. 



Write Blorlr p~»Mnr 
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As mentioned above, the battery may receive 
data from an external device to be used in a control 
command calculation, or, as an alarm threshold value 

The write bloc, 775 illustrated in Figure l 7 , controls 
this trans£er of data tQ the bafcter ^ pirs ^ ^ 

776, a determination is made as to whether the data 
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value to be read from the external host device is 
1 greater than two bytes long. i„ the preferred 

embodiment, most control commands will write a data 
value to the battery that is two bytes long. if the 
data is longer than two bytes, i.e., if count > 2, then 
5 the variable ls set equal to ^ Qf 

locations allocated for and corresponding to length of 
data in number of bytes at step 778. Then, at step 780, 
a determination is made as to whether the previously 
determined count value has been set equal to the address 

10 error a * l0Cated - " this is ™ the case, then an 

error flag is set at step 790 indicating that an 
inordinate amount of data is to be sent, or, that there 
is not enough locations allocated for receiving the 
data. if the previously determined count value "count" 

15 has been set equal to the number of address locations 
allocated, then the program enters a loop indicated as 
steps 781, 783 and 785 wherein each byte of data is 
sequentially written to the I'c bus to the battery 
address location [Adr] (step 783). After each byte is 

20 rr^ the C ° Unt ° f nUmb6r ° f bytes is decremented 

and the address location for the next sequential data 
byte to be written is incremented. Until count - o 
indicating that the last byte of data has been 
transmitted to the battery as shown at step 785, the 

25 the^! 1 C °K tlnUe 6nter ^ St6P 781 t0 ^termine if 

the battery has read each data byte ( RDVAL - 1, sent by 

the external device and indicating that the data byte 

has been successfully transmitted. If the read 

acknowledge flag has been received after each byte 

3Q transfer, the loop continues at step 783 until the last 

data byte is sent. if the read acknowledge flag has not 

been received, then an error may have occurred and the 

program proceeds to step 782 where a determination is 

made as to whether a bus error or timeout has occurred 
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If none of th.se instances has occurred,' then the 
x Program win procMd to ^ 

-star has terminated the transmission. Tth „„ 

amount of data i<, *.« irKUcat in g that an inordinate 
5 Slng tr ansmitted and the t«n B ™r , 

will be terminated at step 795 if th! t trans »^l°n 

not terminated the transmL i * maSter has • 

continue to looTL^^^'^ ^ ^ 

handshake timer k 9 ""^ a " lnt ^nal 

timer (not shown) times out fste« 7p„ 

10 t\trv rror fia9 is set -ansissMr^rr.: 11 

t^inated, as shown at steps 792 and 795 . In " ^ £ 
Figure 17, it is understood that 

two-byte data word is to be read as IZ^' * 
776, and the algorithm wi,T ind i«ted at step 

where the first dIL k ! Pr ° Ceed di ~ c «y t0 Ste P 7 « 

15 first bait- V Y 18 by the batt ery at the 

first battery address location. 

After the last data bvte ha* Ko»„ 
indicated at stet, 7A* „ received, as 

whether- *. w P ?86 ' a det ^mination is mad e as to 

liLed x^buT fl39 bee " ™ ad t, e 
20 ^e ^ the fact rat':: lndiC3tlng ° f b » S 

sendi„ g any^^ ^rr^rb V it Ce i Wi11 ** 
write block rout i no • , P ±S receiv ed the 

been J ! " ** Lt **' lf the sto P bit has not 

been receded, then an error may have occurred and the 
program proceeds to steo 78fl U ho, ^ 
!5 Ml. as to whether . error or t! ""^i"" 10 " 

» - error or timeout as occurred" t h " "'""^ 
will proceed to set ,„ „ Urre<1 • then the Program 
ir.n.I. unknown error fiag and the 

and Z T t bS = "own at steps 79J 

and 7 S5 . I£ „ one of these instances occutr J 

^^.""h" 1 " Pr ° Ceed " S " P 789 *" ^"rmHe'i the 
byte has Len" " lndlC " e " tta la " — 

uily read, then this is an indication that the 
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external device has not finished sending data or that 
1 not enough address locations have been allocated and an 
error flag will be set as shown at step 790 and the 
transmission will be terminated at step 795. if the 
last data value has been successfully read at step 789 
5 then the process will continue to look for the modified 
I C bus master stop bit at step 786 until either an 
internal handshake timer (not shown) times out or an 
error occurs (step 788). 



10 



Read Block Rout i no 



As mentioned above, the battery will return a 
calculated or measurement data value to a specified 
address location as indicated by the read block routine 

15 800 as illustrated in Figure 18. At step 802, a 

determination is first made as to whether the data value 
to be written to the host device is greater than two 
bytes long. if the data is longer than two bytes, i.e. 
if count > 2, then the address is pointed to at step 805 

2q and the program enters a loop indicated as steps 808, 
812, and 815 wherein each byte of data is sequentially 
written to the SMBus bus to an address location of the 
requesting host device as indicated at step 812. After 
each byte is sent, the count of the number of bytes is 

25 decremented and the address location for the next byte 
to be written is incremented. Until count = 0 
indicating that the last byte of data has been' 
transmitted to the external device as shown at step 815 
the loop will continue and enter at step 808 to 

3q determine if the acknowledge bit has been sent by the 
external device indicating that the current data byte 
has been successfully transmitted. if the acknowledge 
bit has been received after each byte transfer, the loop 
continues at step 812 until the last data byte is sent. 

35 
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If the acknowledge bit has k 
2 error may have occurred and th * ecei ^ then an 

B21 where a i.^^™^** 0 *™ *> "«P 

error, termination or Ti " t0 Whether a 

these instances has ^TJ^ £~ » -e of 
proceed to step 80fi , Program will 

5 acknowledge bit' £ ^^ST^l" ^ ^ 

continue until an internal handshake ti Pr ° CeSS ^ 
times out wherein the proces 1 " ^ Sh ° Wn > 

^ere an unknown error fill ! cont ^e at step 825 

0 will be terminated. ltll r A* *"* *** trans ^ion 
° last data byte has bel ^termined that the 

bleating Ltte^^ «- - 

step 818 of Figure l 8 \ " nt ls se t at 

understood that i„ s ! m ^ ° f Fl9Ure 18 ' " is 

- as shown at .^oaTLHT' ? ^ '° »* ™*< 
5 directly to step 812 * T» al9 ° rlthm will- proceed 

acknowiedgmentlt 81 ^:;^^ 88 ^ 

-eterminati^rislde^ 103 ^ " 822 ' * 

, has been -^L^^^- ^ — "»* "ag 
end of bus control due to J % *** lndiCati "* the 

device will not be re'eivinc ^ •* tM:n - 1 

bit is received the ' B °" ^ lf the stop 

bit has nn. k "ad block is exited. if the ston P 

" nas not been received sto P 

occurred and the *" err ° r ma y have 

occurred, then the program will ^"nces has 

•9.1- deterge 1£ the'.™ b ZTZ *° * t " P " 2 " 
process win continue „„, • , received. This 

-not shown, t lmes ou ^ " handShake "™« 

«* step 825 where en u„ k no„ ^ ^ 
transmission will be terminated 9 "* th * 
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Alarm Control 



All of the alarm status flags heretofore 
mentioned indicate that the battery has reached a 
certain state of charge (fully charged, empty 
5 discharged) or a critical state (maximal temperature, 
being overcharged) . These events are encoded in the 
Al_status battery register and the warning message 
AlarmWarningO is sent by the by the battery to an 
external device when the battery detects an alarm 

iQ condition. in this event, the battery becomes the bus 
master and alternately notifies the host computer or 
battery charger of any critical and/or alarm conditions 
at a rate of preferably once every five seconds, until 
the critical state is corrected. The alarm condition 

15 may be broadcast to the host computer for 10 seconds if 
the alarm condition is such that the battery charger 
does not need to be notified of an alarm condition, for 
e.g., the REMAINING_CAP_ALARM warning message is not the 
broadcast to the charger device. If alarm conditions 

2q such as OVER_CHARGED_ALARM, TERMINATE_CH ARGE_ALARM , 
DTEMP_ALARM, OVER_TEMP_ALARM, and 

TE RM I NATE_D I SCHARGE_ALARM exist, then the alarm is 
broadcast, alternating between the charger device and 
the host device, in five (5) second intervals. 
25 The modi fied SMBus protocol for communicating 

alarm or warning messages are illustrated in the alarm 
control routine 152 as shown in detail in Figure 19. 
This routine runs through all possible alarm conditions 
for possible broadcast to a host device after a capacity 
calculation is performed as shown in Figure 3. 

The first step, indicated as step 901 in Figure 19 
is to verify the status of the remaining capacity. 
Specifically, a determination is made as to whether the 
AL_REM_CAP run value is greater than 0 and that the 
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remaining capacity ( les s the uncertain^ 
1 tha " the «^LO» value. If thlse condi« 0r) ^ 

- Next, the c rata h, ^ cleared at step 906. 

the c_rate [pd _ avg :<a ^J" ^ capacity based on 

from the look-up table of F" igure J 2 !Y ' ^ aCCeSSed 

•10, a determination ls .ade^s to ^h ^her tTl ? " 
10 state is capacity decreasing. If the bat, ^ 
is decreasing, then a determination i CapaClt * 
^ to whether the AL rem ™ f 3t St6p 913 

greater than _ 7«7 7 _ alar » hold val ue is 

remaining time 11 the'* " S °' ^ the -"mated 

calculated a^V * ^ dlsChar 9 e «te is 

xculated at step 915 by the AverageTimeToEmm- 
command code. When «-h^ , "9eiimeToEmpty( ) 

below the AL j h T * ted " main1 " 9 "~ fall = 

^nLnjriME threshold value 
step 917 «-k^ ^ vaxue, as determined at 

ao 1M showa ta FIgur : P 19 ' 1S ^ th « ^™ Proceed a t step 
20 that the battery state • oat.rmiaed either 

»•». or. ^:T™™ E r,rzr:™ in < <step 

913), or, thai- 7 " q to zero (step 

program cleare 1 ep then the 

*- y Clears the REMAINING TIME ALARM htr 
P at step 921 and th« « ~ A - ALARM blt as indicated 

and the program proceed at sten 99r ~* 
Figure 19. step 925 shown in 

As shown at step 925, the upper bvt* „r «... 
Alarm status reaister i «, ^ , ^ 7 ° f the 

register is checked to dete™ir Q * 
^ alarm bits, e .o alarm K<v cetermine if any 

0 ', e *y-/ alarm bits such as ovfb rmtio, 

TERMINATE_CHARGE ALARM, DTEMP ALAR^ ovfb"^ ' 

m p» ry w TMXmn w^ALARM , OVER TEMP AT ARM 

and R pm ARGE ~ ALARM ' CAPACITY Ila^ 

and RE( ,A IKING _ T1ME _ ALARMhave - TV A LARM, 

check of the al*rm < ' then a 

alarm broadcast flag "alarming.. is made at 
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step 927. if the upper byte of the Alarm status 
1 register indicates no alarm condition, i.e., no bits 
set, then the process will continue at step 926 and the 
alarming broadcast flag is cleared. Note, that upon 
initialization, the alarming broadcast flag is not set 
5 However, as long as an alarm condition exists: this flag 
will be set. Therefore, as shown at step 927, if the 
alarming flag is cleared, the process continues and the 
alarming flag is set at step 930. Additionally, at step 
930, the alarm broadcast timer is set to zero, and, the 
10 "alarm to host" flag is set indicating that the alarm 
will be sent to a host external device and not a battery 
charger. The process continues at step 933, where a 
determination is made as to whether the alarm broadcast 
timer has timed out (=0). Since the broadcast timer has 
15 been set to zero at step 930 for this first operating 
cycle of the alarm condition, or, if the alarm broadcast 
timer has timed out, then the process will continue at 
step 935. If the timer has not timed out/ then the 
alarm control process is exited. At step 935, the 
2q address location for the alarm broadcast is set to the 
host device, and the command code is set equal to the 
battery status [BatteryStatus ( ) ] function described 
above. This will initiate the transfer of the 
particular alarm to the host device. A determination is 
25 then made at step 937 as to whether the alarm to host 
flag is cleared (=0). During the first operating cycle 
of the alarm condition (step 930), the alarm to host 
flag had been set (=1) so the algorithm skips over steps 
940 and 943 (discussed below) and performs the send 
3Q message routine 945 which changes the function of the 
battery as having bus master control so that the alarm 
message can be sent. Details of the send message 
routine 945 will be explained in detail below. 
Afterwards, at step 947, the broadcast alarm timer is 

35 
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After the message is initiated to broadc.,,- 

t" : r r e w r nin9 messase to the h °" « 'tap 5 (b a ; 

5 1 „ T" 9 ' rOU "" e) ' anC the broadcast 

STL t rMet - then the Pr °" ss continues „ter 

the next capacity caleuiat-i«„ " er 

calculation (Figure 3), if the 

condition still exists ti o «... , 

steo 92* «-„ ( ' thS alarm bits «e set) at 

next I'd' T Pr ° CeSS ^ C ° ntlnued - "-ever, for the 
10 « subse <3«ent operating cycies of the alarm 

fi«i-« ,« l } ' S ° the alarm b "adcast timer 

until th " 10 SSCOndS) 1S d — -ted at step Zl 

until the timer has timed out or the alarm status has 
been changed. Thus, after the broadcast timer has 

Teizzi::* r process continues at — »;,:L e . 
::r„r:L ™ ^rr: th : aiarm ™ ast 

not timed out, then the ala »»ro«dc«.t timer has 

*nd these set o C ° ntr01 r ° Utine is ejti ^^ 

2q no these set of steps will continue until the ala«„ 

broadcast timer has n mo ^ . , alarm 

alarm m h3S tiraed out (step 933). until the 

alarm message has been broadcast to the host device for 
preferably f lve (5) secondS/ then *~ 

cut b r n r s r ed - when the broad ~ st 

out, and, since the alarm to host flag has toggled 
(during the first operating cycle of the alarm 
condition), the condition at step 937 win be true . 

i ch e an°:' d the ri addreSS l0C3ti0n th6 ala - 

and th " ^ battery Cha ^« at -f P 940, 

3q and the program will proceed to step 943 where a 

warning message is meant to be sent to the battery 
charger for the next 10 seconds. if, the alarm 
condition is not meant to be transmitted to the battery 

35 
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charger, then the send message routine (step 945) will 
be bypassed, and the broadcast timer will be reset at 
step 947 and the alarm to host bit toggled so that the 
message will be retransmitted to the host device. 



Charger Control 



Whenever the BatteryMode( ) CHARGER MODE bit is 
set to zero, and the battery detects the presence of a 
smart battery charger, the battery is able to 

iq communicate with the smart battery charger and will send 
ChargingCurrent( ) and ChargingVoltage( ) values to the 
smart battery charger. The ChargingCurrent ( ) function 
sets the maximum current that a smart battery charger 
may deliver to the battery and will return the desired 

• charging rate in mA. This allows the battery charger to 
dynamically adjust its output current to match optimal 
recharging requirements. A maximum value of OxFFFF 
means constant voltage charging with the output value of 
ChargingVoltage() . Results are broadcast with the 

^ battery as active bus master under the conditions set 
forth in the charger control routine 154 of Figures 3 
and 20. 

The first step 850 in Figure 20 is to 
determine whether the battery is in the system. if not, 

25 CAPACITY_MODE and CHARGE R_MODE variables are cleared at 
step 853 and the routine is exited. if the battery is 
installed in the system, a determination is made at step 
855 as to whether the battery was just inserted in the 
system. if the battery was just inserted, then the 

^ message timer is set to one (1), and the CAPACITY_MODE 
and CHARGE R_MODE variables are cleared at step 857 and 
the algorithm continues at step 859. If the battery has 
not just been inserted (step 855), then the algorithm 
skips to step 859 where a determination is made as to 

35 
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the state of the charger mode bit if th K . 

1 Cl6a " d at -t.p 859, then the routine ^ 
CHARGER.MODE bit is set ai . ! r ° Utlne is exited. if the 

decremented at step 861 ™ ^ th * tlmer is 

determine whether th! SteP 9t 863 is to 

5 ^ has, then STJ^™?" "~ out. if 

5 the charging current c fl cul " ^ at ^ 8 « «* 

If the message timer has not ^ef ^ 
the routine is exited Th! " St6p 863 ' then 

determine whether the returned" t0 
10 charging current is zero i f th ° f ^ Calcul *ted 

10 returned is zero, then the Char91 " 9 C " rrent 

» the charging cur^tt lllTJZ^ ^ ^ ^ 
determination is made at step 867 T . ^ 
state is capacitv i BW ! P *" t0 whet her the 

15 « CI state, ^ ™ ^ » «" — - in 

the capacity ls de J " . at Ste * " 



the capacity i, decreasing ^ then tK " ^ 

- fc ing ' then the routine i« exit-ow 

At step 868, the address locate V e **ted. 
charger broadcast is set to *T ! l0Cati0n f °r the 
command code is set equa Yt 0 tf ^ the 

_ 0 Chargingcurrent(,. Next at * h * COBBUInd cod « 
20 current command es \ seTt ^ ^ 

^ the send message r t e ' t0 ° atte ^ charger 

-up 872, the maximum J (dxscussed below). Then , at 

/ tne maximum value (hex pppp> * , 
ConstantVoltageO f u „^« i > f6d lnto fc he 

2S charger will L a ^ that the 

25 This instruction is "LL ""^ Ch " 9in9 deVlCe " 

lon ls broadcast to the nh*r-~« 

send message routine at step 874 * har9er Vla the 

current is broadcast th! ! " the cha ^ng 

acast, the routine is finally exited. 



30 Se "d Messa ge Routine 
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As indicated at steD ga^ in P . 

870 in Figure 20 thp « „ 9U " 19 and s tep 

^yuire ^u, the send message routine ~w 

function of the battery to hav* 1 Chanaes the 

y t0 have bus ' master control so 



WO 96/15563 PCTAJS95/14543 

-86- 

that the alarm messages can be sent. Figure 21 
x illustrates the send message routine. 

The first step 950 is to determine the data bus 
availability. If it is determined ^ the da ^ 

available, then the first piece of data to be sent L 

5 Tal /l addr6SS/ i ' e -' ^ addreSS ° f the e *t«™a 
host device or battery charger, as indicated at step 

952. as soon as the data bus is acquired, then two 
flags are set; the first flag is an internally 
generated flag that is set to indicate that the battery 

10 Z ? S k S ma8ter C ° ntr01 (St6P 953 >' and ' th * ^cond 
flag is the transmission termination flag that is 

cleared at step 954. The next step, as indicated at 
step 955, is a check as to whether the acknowledge bit 
has been sent, i.e., whether the first byte of data 
i5 (slave address, has been received by the slave device. 
If the acknowledge bit has not been sent, then a check 
is made at step 958 to determine if the bus is busy. lf 
To bUSy ' then the Pr09ram oonti'nues «t step 

20 T+<* determlnatW is as to whether a bus error 

or timeout flag has been generated at step 959. if an 
error or timeout has occurred, then the program will 
proceed to step 973 where the transmission will be 
terminated and the routine exited. if an error or 

^ timeout condition does not exist, the routine will 

continue at step 955 until an acknowledge bit has been 
sent by the slave indicating that the data has been 
received. if the acknowledge bit has been received 
then the current command code is transmitted at step 
3° 1 lfc . Sh ° Uld be «nder.tood that when the send message 
routine xs invoked during a critical alarm condition, 
then the command code word is set to the battery address 
see step 935, Pig Ure 19) and tn , slave wm J^™** 
that only two bytes of data are to be sent. Tne next 

35 
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step, as indicated at step 960, is a check as to whether 
1 the acknowledge bit has been sent , ^ 

command code (or battery address, has been received by 
the slave device. if the acknowledge Mfc ^ * 

received, then a check is made at_ S tep 962 to determine 
5 whether a bus error or timeout flag has been generated. 
If an error or timeout has occurred, then the program 
will proceed to step 973 where the transmission will be 
terminated and the routine exited. if an error or 
timeout condition does not exist, the routine will 
1Q continue at step 960 until it is acknowledged that the 
command code (or battery address) has been received. If 
the acknowledge bit has been received, then the first 
byte of data is transmitted to the specified address 
location (see step 935, Figure 19) at step 965. The 
15 next step, as indicated at step 966, is a check as to 

2nr! h r ackn ° wied * e bit *« sent, i.... whether 

the first byte of command code data has been received by 
the slave device. if the acknowledge bit has not been 
received, then a check is made at step 967 to determine 
2q whether a bus error or timeout flag has been generated. 
If an error or timeout has occurred, then the program 
will proceed to step 973 where the transmission will be 
terminated and the routine exited. if an error or 
timeout condition does not exist, the routine will 
25 continue at step 966 until it is acknowledged that the 
first data byte has been received. if the acknowledge 
bit has been received, then the second byte of data is 
transmitted to the next address location at step 968 
The next step, as indicated at step 969, is a check as 
3Q to whether the acknowledge bit has been sent, i e 

whether the second byte of command code data has been 
received by the slave device. if the acknowledge bit 
has not been received, then a check is made at step 971 
to determine whether a bus error or timeout flag has 
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been generated. if an error or timeout has occurred 
i then the program will proceed to step 973 where the ' 
transmission will be terminated and the routine exited 
If an error or timeout condition does not exist, the 
routine will continue at step 969 until It Is 
5 acknowledged that the second data byte has been 

received. After the full message has been transmitted 
by the battery to the slave device, the send message 
routine is exited. 
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LED display 

As shown in Figure 2(a), the battery 10 of the 
instant invention provides manually controlled four (4) 
segment light emitting diode (LED) display indicating 
the relative state of charge of the battery (similar to 
15 a fuel gauge) with respect to the full_cap value. After 
the capacity calculation, alarm control 152, and charger 
control 154 routines are performed during each 500 msec 
period (operating cycle), the system will look for a 
hardware trigger of the LED display. At any time, a 
2q user can initiate the LED display by a switch 35 on the 
battery 10 as shown in Figure 2(a). The control logic 
for generating the LED display is described in detail 
(in view of steps 975 through 996 of Figure 15) in co- 
pending patent application (USSN 08/318,004). 

25 „ „ ' WhllS thS invention has be en particularly shown 
and described with respect to the preferred embodiments 
thereof, it will be understood by those skilled in the art 
that the foregoing and other changes in form and details 
may be made therein without departing from the spirit and 
scope of the invention, which should be limited only by the 
scope of the appended claims. 



30 



35 



WO 96/15563 



PCTAJS95/14543 



-89- 



WHAT IS CLAIMED IS: 



1. A smart battery having a power 
management system, and comprising: 

batterv ***** connec "ng the smart 

battery to a battery powered device, the terminal 
means includino fircf ... . terminal 
exuding first and second terminals; 

a Plurality of rechargeable battery cells 

connected to the terminal means said 

having means, said battery cells 

electric/' 3 diSChar9e mode for applying 

t the ba t ::r to the first and ***** *** 

to cne battery powered device, and 

Power from'th " Ceivin * electrical 

power from the terminal means; 

analoa .i *°' a ° d generating 

analog signals representing battery voltage, battlry 

and c ™ at — - — 

circuit including 
i) an analog-to-digital converter having 
b ed and disabled states, wherein in the abled s til, 
the converter receives said analog signals and 
converts said analog signals to digital signals 
representing battery voltage, battery temperature, and 
current at said first and second terminals, 
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ii) a switching network connected to the 
sensing means and to the analog-to-digital converter 
for receiving the analog signals fro* the sensing 

tlTe t and th tranSnitti ^ ^ analog signals, one J & 
time, to the analog-to-digital converter, 

dial-t.-i ^ 3 Pr ° CeSSOr con »ected to the analog-to- 
digital converter for receiving the digital signaL 
therefrom, and for performing a predefined series of 
calculation using said digital signals, 

«< 3 mem ° ry area f ° r storin * data values 

including values representing battery voltage, battery 

-ernal elk 

series of tiT" ° f Calcuia "^ deludes a 

series of tamed steps, and the timing of said steps is 

controlled by the clock «<„„,i * P S 

oscillator; 9 internal 

an external oscillator for generating clock 
signals at a second frequency; 

the C ° nneCting the eternal oscillator to 

the processor to transmi h »-v, 

«i m , * transmit to the processor the clock 

signals from the external oscillator; and 

a comparator circuit connected to the 
sensing means to receive the analog signal 
representing battery voltage, and to generate a wake- 
UP signal, and to transmit the wake-up signal to the 
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processor, when the battery voltage is above a 
predetermined voltage level; 

wherein the processor has (i, a normal mode, 
(ii) a standby mode, and (iii, a sleep mode, 

in the normal mode, the processor performs ' 
saxd serxes of calculations at first regular cycles 
each of said first cycles being started by receipt by 
the processor of one of the clock signals from the 
external processor, 

in the standby mode, the processor performs 
saxd serxes of calculations at second regular cycles, 
saxd second cycles being longer than said first 
cycles, each of said second cycles also being started 
by receipt by the processor of one of the clock 
signals from the external processor, and 

±n the sleep mode, the processor does not 
perform said series of calculations, and the processor 
Places the analog-to-digital converter in the disabled 
mode; and 

wherein, the processor enters the standby 
mode when the battery current fall below a preset 
current level, the processor enters the sleep mode 
when the battery voltage falls below a preset voltage 
level, and the processor enters the normal mode when 
the processor receives the wake-up signal from the 
comparator circuit. 

- 2. A battery according to Claim 1, wherein 
the battery cells have a variable capacity, and said 
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series of calculations includes calculating a value 
representing remaining capacity of the battery cells 

3. A battery according to Claim 1, wherein: 

the battery has a nominally fully discharged 
voltage value; 

the memory area of the integrated circuit 
receives operating power from the battery cells and 
requires a minimum operating voltage to maintain said 
stored data values; and 

said minimum operating voltage is below said 
nominally fully discharged voltage value, wherein the 
memory area maintains said stored data values even 
when the battery is nominally fully discharged. 

4, A battery according to Claim 1, wherein: 

the length of each of the second, cycles is 

an integer multiple of the length of each of the first 
cycles. 



5 



A battery according to Claim 1, wherein 
the analog-to-digital converter, the processor, the 
memory area and the internal oscillator receive 
operating power from the battery cells. 

6. A battery according to Claim 1, wherein: 
the integrated circuit further includes data 
receiving means to receive data from the battery 
powered device; 

said receiving means has an abled state and 
a disabled state; 
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in the abled state, the receiving means is 
-le to receive data from the battery power 9 ed 

is disabled"/ 116 diSabl6d 5tat6 ' " cei -^ »eans 

disabled from receiving data from the battery 

powered device. 

7. A battery according to Claim 6, wherein: 
each of the first cycles includes first and 
second intervals; and 

during each of the first intervals of the 
first cycles, the processor (i, performs said series 

In th di K° nS1 ' PlaC€S the -a 

data t 6 o T ' St3te t0 inhiMt of 

while the o Pr ° CeSSOr fr ° m ba " ery P ° Wered devi " 
whUe the processor is performing said calculations 

8. A battery according to Claim 1, wherein 

adliti'ir"/"' 0 " 3 additi ° nal calculations, said 
addxtional calculations including calculating a value 
representing . Earned full charge capacity of the 
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9. A smart battery having a power 
management system, and comprising: 

first and second terminal means for 
connecting the smart battery to a battery powered 
device and to a battery recharger; 

a plurality of rechargeable battery cells 
connected to the first and second terminal means, said 
battery cells having 

i) a discharge mode for supplying 
electrical power to the first and second terminal 
means and to the battery powered device, and 

ii) a charge mode for receiving electrical 
power from the first and second terminal means; 

sensing means for sensing and generating 
analog signals representing battery voltage, battery 
temperature, and current at said first and second 
terminal means; 

an integrated circuit including 

i) an analog-to-digital converter for 
receiving said analog signals and converting said 
analog signals to digital signals representing battery 
voltage, battery temperature, and current at said 
first and second terminal means, 

ii) a processor connected to the analog-to- 
digital converter for receiving the digital signals 
therefrom, and for performing a predefined series of 
calculations using said digital signals, and 
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in) a memory area for storing data values 
including values representing battery voltage, battery 
temperature and current at said f irst and second 
terminal means; 

a power supply subcircuit electrically 
connecting the memory area of the integrated circuit 
to the battery cells to supply electrical power to 
said memory area; 

a capacitor connected to the battery cells 
to receive electrical power therefrom, and connected 
to the memory area to supply electrical power thereto, 
wherein in case of an interruption of the supply of 
electrical power to the memory area through the power 
supply subcircuit receives electrical power from the 
capacitor; and 

a delatching circuit for decoupling the 
memory area of the integrated circuit from the battery 
cells, by means of the power supply subcircuit, under 
predetermined conditions. 

10. A battery according to Claim 9, wherein: 
the integrated circuit includes a power 
terminal; and 

the power supply subcircuit includes 

i) means electrically connecting the 
battery cells to said power terminal to supply 
electrical power to said power terminal from the 
battery cells, and 

ii) means electrically connecting the power 
terminal to the memory area of the integrated circuit 
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to supply electrical power to said memory area from 
the power terminal. 

11. A battery according to Claim 10, : 
wherein the delatching circuit electrically decouples 
the memory area of the integrated circuit from the 
power terminal when the voltage of the power terminal 
falls below a given level. 

12. A battery according to Claim 11, 

wherein: 

the de-latching circuit includes 

i) a switching transistor located in the 
means electrically connecting the power terminal to 
the memory area, 

ii) a sensor for sensing, and for generating 
a signal representing, the voltage of the power 
terminal, and 

iii) means for applying to the switching 
transistor the signal representing the voltage of the 
power terminal; . l li ri L ^ 

the switching transistor has 

i) a conductive state for electrically 
coupling the memory area of the integrated circuit to 
the power terminal, and 

ii) a non-conductive state for electrically 
decoupling said memory area from the power terminal; 
and 

the switching transistor switches from the 
conductive state to the non-conductive state when the 
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voltage of the power terminal falls below the given 
level, 

13. A battery according to Claim 9, further 
including means to inhibit the flow of current through 
the battery cells in case of a short circuit across 
the first and second terminal means, and to help 
maintain the flow of current from the battery cells to 
the memory area of the integrated circuit in case of 
said short circuit. 

14. A battery according to Claim 13, 
wherein the means to inhibit the flow of current 
through the battery cells includes a fuse located in 
series between the battery cells and one of the 
terminal means. 

15. A battery according to Claim 13, 
wherein the means to inhibit the flow of current 
through the battery cells includes a positive 
temperature coefficient element located in series 
between the battery cells and one of the terminal 
means, for creating a high impedance between the 
battery cells and said one of the terminal means in 
case of said short circuits. 

16. A battery according to Claim 13, 

wherein: 

in case of an interruption of the supply of 
electrical power to the memory area from the battery 
cells, said memory area receives electrical power from 
the capacitor for at least a given period of time; and 
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wherein: 



and 



in case of a short circuit across the first 
and second terminal me a„s, the .eans to inhibit the 
flow of current throu,h the battery ceils raises the 
voltage of the battery above said preset level within 
said given period of time. 

17. A battery according to Claim 9, 
the battery cells have a variable capacity; 

said series of calculations include 

i) calculating a value representing 
remaining capacity of the battery cells, and 

ii) calculating a value representing learned 
capacity of the battery cells. 

18. A battery according to claim 9, wherein: 
the battery has a nominally fully 

discharged voltage value; 

the memory area of the processor requires a 

::r ating voitage to — — d at a 

nomin n minimum operating voltage is below said 

nominally fully discharged voltage value, wherein the 
-mory area maintains said stored data values even 
when the battery is nominally fully discharged. 
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19. A smart battery having a power 
management system, and comprising: 

first and second terminal means for 

connecting the smart battery to a h-t-i- 

-i ^ ter ' co a battery powered 

device and to a battery recharger; 

a Plurality of rechargeable battery cells 
connected to the first- * nr i , cexis 

haK , 6 first and second terminal, means, said 

battery cells having 

i) a discharge mode for supplying 
electrical power to the fir«h a «w 

flrst and second terminal 
means and to the battery powered device, and 

Power from'th ^ rSCeivin * electrical 

Power from the fxrst and second terminal means; 

analoo i ***** S6nSing and generating 

analog signals representing battery voltage, battlry 

tZ in" 1 a " CUrrent " S3id firSt - d — d " 

termxnal means; 

an integrated circuit including 
r . . . 1} an anal °g-to-digital converter for 

llTloa 1 ?- anal ° g SignalS C — ting said 

voltll T t0 dig±tal SignalS Wanting battery 

II s aid temPeratU "< — nt at said * 

tirst and second terminal means, 

diait a3 3 Pr ° CeSSOr c °nnected to the analog-to- 

1 or Ve d rt r ""^^ signals, 

calculi Performing a predefined series of 

calculations using said digital signals, and 
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in., M- 3 me, " 0ry St ° rin9 data 

induing values represents battery volta 9 e. battery 
temperature and current at said first and second 
terminal means; and 

a data bus for transmitting data between the 
battery powered device and the integrated circuit- 

wherein the integrated circuit further ' 
includes (iv, « bus controller to control the 
transmission of selected data over the data bus; and 
includes Wh6rein ^-'o-^ta* converter 

preset J' & r6ferenCe Circuit to provide a 

preset analog voltage, and 

variaHl K li} 9 VOUa9e Shifting CirCUit to P rov ^e a 
variable base reference voltage to facilitate 

IIZIIT T tal ValU6S "^—^^"Positive and 
negative analog current signals. 

wherein th"' f ^ 3CCOrdin * to Claim 19, 

wherein the analog-to-digital converter further 
includes (iii) a voltage divider network ^ ^ 

circuTrVr 109 V ° lta9e f — the b-dgap preference 

a plural^ ? ^ P ~ Set ^ voltage into 

a Plurality of voltage output values. 

21. A smart battery according to Claim 19 
wherein the analog-to-digital converter further 
includes a sigma-delta converter for receiving the 
analog signals from the sensing means and for 
converting said analog signals to digital values 
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representing battery voltage, battery temperature, and 
current at said first and second terminal means. 

22. A smart battery according to Claim 21, 
wherein the sigma-delta converter processes each of 
the analog signals representing battery voltage, 
battery temperature, and current at said first and 
second terminal means for a respective period to 
produce the digital values representing battery 
voltage, battery temperature, and current at said 
first and second terminal means. 

23. A smart battery according to Claim 22, 

wherein: 

the integrated circuit further includes 

v) an oscillator for generating clock 
signals at a given frequency, and 

vi) means to transmit said clock signals to 
the sigma-delta converter; and 

each of said periods has a length determined 
by said clock signals. 

24. A smart battery according to Claim 23, 

wherein: 

the sigma-delta converter processes the 
analog signals representing battery voltage, battery 
temperature, and current at said first and second 
terminal means for first, second and third periods 
respectively; and 

the lengths of said first, second and third 
periods are determined by the lengths of time required 
for the sigma-delta converter to receive, 
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:::::;;: irst ' ~ - — ~ s of the 

wherein th"' ,* ""^ aCCOrdin * to Claim 19, 

wherexn the voltage shifting circuit includes: 

a first capacitor having first *nri 
opposite sides; d second 

voltaoe 1 "T 5 t0 96nerated 3 ^rence ground 
voltage level; and 

a switching network for applying the 
reference ground voltage level and the ana i on , 
to the fir<!h „j analog signals 

devell / 5 Sid6S ° f the "Pastor to 

develop a voltage level at the capacitor; 

the switching network having 

i) a first state for applyina th B 
ground voltage lavel to the se=o ™ 12 ^'«-~ 

ZTaT 7 8PPlnn9 " — of said 

analog signals to the first side of the capacitor. 

Wherein: ^ '"^ C ° *». 

the analog-to-digital converter furth.,- 
-eludes a sig*a-delta converter including 

voltage level. *° * ™ 

inputs. U> ^ inte9 " tor havin ° "«t and second 

voltaoe , B " nS t0 W the second reference 

voltage level to the first input of the integrator. 
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iv) a switch electrically located in series 
between the fin:f ^^^^ • * aeries 
th. i I capacitor and the second input of 

the integrator; and ° 

the switch has 
volt. i ^ 3 C ° ndUCtiVe state fo * applying the 

Ct oVtT \ of the first capacitor to the 

input of the integrator, and 

dern , . iA) 3 non -^nductive state for electrically 
decoupling the first capacitor fro, the second input 
of the integrator. 

27. A smart battery according to Claim 26 
wherein the sigma-delta converter further incl^Is 

a second capacitor electrically located in 
parallel with the integrator; and 

- a further switch electrically located in 
Parallel with the second capacitor to selectively 
discharge said second capacitor. 

wherein: * ^ ttCcordln * to 26, 

the integrator has an output voltage level; 
the sigma-delta converter further includes' 
inputs V> 9 C ° mparat0r havin 9 first and second 

vi) means to apply the second reference 
voltage level to the first input of the, comparator, 

vii) means to apply the output voltage level 
of the integrator to the second input of the 



comparator; 
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the comparator has 

i) a first output when the voltage level 
applied to the first input of the comparator is-less 
than the voltage level applied to the second input of 
the comparator, and 

ii) a second output when the voltage level 
applied to the first input of the comparator is 
greater than the voltage level applied to the second 
input of the comparator. 

29. A smart battery according to Claim 28, 

wherein: 

the sigma-delta converter further includes 
a counter, and 

means for applying the output of the 
comparator to the counter; and 

the counter maintains a count of the number 
of times the comparator has the first output during a 
defined period of time. 
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30. A smart battery system having a power 
management system, and comprising: 

first and second terminal means for 
connecting the smart battery to a battery powered 
device and to a battery recharger; 

a battery including a rechargeable battery 
cell connected, to the first and second terminal means, 
said battery having charge/discharge cycles, each of 
said cycles having 

i) a discharge mode for supplying 
electrical power to the first and second terminals and 
to the battery powered device, and 

ii) a charge mode for receiving electrical 
power from the terminal means; 

sensing means for sensing and generating 
analog signals representing battery voltage, battery 
temperature, and current at said first and second 
terminal means; 

an integrated circuit including 

i) an analog- to-digital converter for 
receiving said analog signals and converting said 
analog signals to digital signals representing, battery 
voltage, battery temperature, and current at said 
first and second terminal means, 

ii) a processor connected to the analog-to- 
digital converter for receiving the digital signals 
therefrom, and for performing predefined calculations • 
using said digital signals, and 
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in) a memory area for storing data values 
including values representing battery voltage, battery 
temperature and current at said first and second 
terminal means; and 

a data bus for transmitting data between the 
battery powered device and the integrated circuit; 

wherein the integrated circuit further 
includes (iv) a bus controller to control the 
transmission of selected data over the data bus; 

wherein said predefined calculations include 
calculating an actual full capacity of the battery at 
predefined times. 

31. A smart battery system according to 
Claim 30, wherein: 

the processor includes means to identify the 
ends of at least selected ones of the charge/discharge 
cycles; and y 

the processor calculates the actual 
full capacity of the battery at the ends of at least 
selected ones of the charge/discharge cycles. 

32. A smart battery system according to 
Claim 31, wherein: 

the processor maintains 

i) an uncertainty values representing an 
uncertainty in the full capacity of the battery, ■ and 

ii) a nominal full capacity value 
representing a nominal full capacity of the battery- 
after each identified end of one of the 

charge/discharge cycles, if the uncertainty value is 
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less than a given percentage of the nominal full 
capacity value, then the processor calculates the 
actual full capaci-ty of the battery. 

Claim „ A Smart batt6ry SySt6m acco ^ing to 

claim 31, wherein: 

the processor further includes 
and A) meanS t0 determine a co "ection value, 

ii) means to determine the capacity of the 
battery at the ends of the charge/discharge cycles; 

at the end of a given charge/discharge 
cycle, * 

when the processor calculates a new value 
for the actual full capacity value of the battery,-the 
Processor calculates said new value according to the 
equation 

nCAP rc = oCAP rc + (oCAP re )x - CAP BCH 
where: nCAP^ i 5 the new value for the actual full 

capacity of the battery, 
nCAP rc is the most recently previously 
calculated value for the actual full 
capacity of the battery, 

x is the correction value determined by the 
processor, and 

CAP RCH is the capacity of the battery at the 
end of the given charge/discharge cycle. 
34. A smart battery system according to 
Claim 33, wherein the means to determine the 
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correction value includes means to determine the 
correction value based on battery temperature and 
battery current. 

35. A smart battery system according to 
Claim 34, wherein: 

the means to determine the correction value 

includes: 

a look-up table having a multitude of stored 
values; and 

means to select one of said stored values 
based on the battery temperature and battery current. 

36. A smart battery system according to 
Claim 32, wherein the predefined calculations further 
include calculating the uncertainty value at 
predetermined times. 

37 ' A smar t battery system according to 
Claim 36, wherein the uncertainty value is reset to 
zero at given times. 

38. a smart battery system according to 
Claim 37, wherein: 

each charge/discharge cycle has a charging 
cycle and .a discharging cycle; 

the processor includes means to detect a 
Plurality of predefined end of charge conditions 
during each charging cycle, and to terminate the 
charging cycle when one of said conditions is 
detected; and 
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. the processor resets the uncertainty value 

i°ti::: d : hen one of said end ° f — * 

, - _ 

Claim v '!* A Smart battSry SyStem accor ding to 
Claim 37, wherein: 

each charge/discharge cycle has a charging 
cycle and a discharging cycle; 

the processor includes means to detect a 
Plurality of predefined end of discharge conditions 
during each discharging cycle, and to terminate the 
discharging cycle when one of said conditions is 
detected; and 

the processor resets the uncertainty value 
to zero when one of said end of discharge conditions 
is detected. 

Claim ,7 "I' A Smart batt6ry 5yStem accor ding to 
Claim 37, wherein: 

each of the charge/discharge cycles has a 
chargmg cycle and a discharging cycle; 

the processor includes means to determine 
the accumulated amount of current conducted to the 
battery during the charging cycle of each 
charge/discharge cycle; and 

when the uncertainty value is calculated 
during one of the charging cycles, the calculated 
uncertainty values is based on the accumulated amount ' 
of current conducted to the battery during said one 
charging cycle • 
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41. a smart battery system according to 
Claim 37, wherein: 

each of the charge/discharge cycles has a 
charging cycle and a discharging cycle; 

the processor includes means to determine 
the accumulated amount of current discharged from the 
battery during the discharging cycle of each 
charge/discharge cycle; and 

when the uncertainty value is calculated 
during one of the discharging cycles, the calculated 
uncertainty value is based on the accumulated amount 
of current discharged from the battery during said one 
charging cycle. 
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42. a combination portable computer- 
rechargeable battery-battery recharger, comprising: 

(a) a portable computer; 

(b) a rechargeable battery system including 
first and second terminal means connected to 

the portable computer, 

a rechargeable battery including at least 
one rechargeable battery cell connected to the first 
and second terminal means, said battery having 

U a discharge mode for supplying electrical 
Power to the first and second terminal means and to 
the portable computer, 

ii) a charge mode for receiving electrical 
Power from the first and second terminal means 

sensing means for sensing and generating 
analog signals representing, battery voltage, battery 
temperature, and current at said first and second 
terminal means; 

an integrated circuit including 

i) an analog-to-digital converter for 
receiving said analog signals and converting said 
analog signals to digital signals representing battery 
voltage, battery temperature, and current at said 
first and second terminal means, 

ii) a processor connected to the analog-to- 
digital converter for receiving the digital signals 
therefrom, and for performing predefined calculations 
using said digital signals, and 
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iii) a memory area for storing data values 
including values representing battery voltage, battery 
temperature and current at said first and second 
terminal means; 

(c) a battery re-charger connected to the 
first and second terminal means for supplying 
electrical power to said terminal means and to the 
rechargeable battery cell; 

(d) a data bus connected to the portable 
computer, the battery system and the battery re- 
charger to transmit data between the portable 
computer, the battery system and the battery re- 
charger; 

■ 

wherein the portable computer includes means 
for sending and receiving messages over the data bus, 
said messages including a charge request message to 
the battery recharger to supply electrical charge to 
the battery; 

wherein the battery re-charger includes 
means to receive messages transmitted over the data 
bus, and means to supply electrical charge to the 
battery in response to receipt by the battery re- 
charger of said charge request message; 

wherein said predefined calculations include 
one calculation for calculating the remaining capacity 
of the battery, said one calculation being a function 
of (i) battery temperature, (ii) the amount of charge 
supplied by the battery when the battery is in the 
discharge mode, and (iii) the amount of charge 
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received by the battery when the battery i s in the 
charge mode. 

43. A combination portable computer- - 
rechargeable battery-battery recharger according to 
claim 42, wherein: 

said one calculation is ma de at predefined 

xntervals; 

at each of said intervals, 

i) if the battery is in the discharge mode, 

bv e theTr r determineS the ~ «* of charge supplied 
by the battery since the most recent previous one of 
said intervals, and the 

ii) if the battery is in the charge mode, 

to e the r0 bI t S r r detemineS thS — t of charge supplied 
to the battery since the most recent previous one of 
said intervals. 

44. A combination portable computer- 
rechargeable battery-battery recharger according to 
claim 43, wherein the processor further includes means 
to determine a percentage of said amount of charge 
supplied to the battery since the most recent one of 
said intervals. 

45. A combination portable computer- 
rechargeable battery-battery recharger according to 
claim 44, wherein the means to determine said 
percentage includes means to determine said percentage 
based on -battery temperature and battery current. 

4 6. A combination portable computer- 
rechargeable battery-battery recharger according to 
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claim 45, wherein the means to determine said 
percentage includes: 

a look-up table having a multitude of values 
stored therein; and 

means to select one of said values based on 
battery temperature and battery current. 

47. A combination portable computer- 
rechargeable battery-battery recharger according to 
claim 45, wherein: 

at each of said intervals, 
the processor determines the amount of 
current internally discharged by the battery since the 
most recent previous one of said intervals. 

48. a combination portable computer- 
rechargeable battery-battery recharger according to 
claim 45, wherein: 

said stored values further include a full 
capacity value representing a full capacity of the 
battery; 

the processor periodically resets said full 
capacity value; and 

the processor calculates the remaining 
capacity of the battery according to the equation 

CAP RCM = CAP rc - S d - Za + 2 C 
where: CAP RCH is the remaining capacity of the 

battery, 

CAP re is the most recently reset value for 
the full capacity value, 
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2 d is the amount of charge internally 
discharged in the battery since the full 
capacity value of th-a- battery was most 
recently reset, 

2. is the amount of charge discharged" by the 
battery since the full capacity value was 
most recently reset, and 

£c is a percentage of the amount of charge 
supplied to the battery since the full 
capacity was most recently reset. 
49. A combination portable computer- 
rechargeable battery-battery recharger according to 
claim 48, wherein: 

the processor makes a series of calculations 
at regular intervals, said series of calculation 
including, 

for each of said intervals 

i) calculating the amount of charge 
internally discharged in the battery during the 
interval, ' 

ii) if the battery is in the discharge 
mode, calculating the amount of charge discharged by 
the battery during the interval, and 

iii) if the battery is in the charge mode, . 
calculating the amount of charge supplied to. the 
battery during the interval. 

50. A combination portable computer- 
rechargeable battery-battery recharger according to 
claim 49, wherein: 
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E d is the summation of the amounts of charge 
internally discharged in the battery during the 
intervals since the fulJ. capacity of the battery was : 
most recently reset; 

E. is the summation of the amounts of charge 
discharged by the battery during the intervals since 
the full capacity of the battery was most recently 
reset; and 

I c is a percentage of the summation of the 
amounts of charge supplied to the battery since the 
full capacity of the battery was most recently reset. 

51. A combination portable computer- 
rechargeable battery-battery recharger according to 
Claim 48, wherein said percentage is based on battery 

i 

temperature and battery current. 
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52. A battery system having power 
management capabilities, and comprising: 

first and second terminal means for 
connecting the battery system to a battery powered 
device and to a battery recharger; 

a battery including at least one 
rechargeable battery connected to the first and second 
terminal means, said battery having 

i) a discharge mode for supplying 
electrical power to the first and second terminal 
means and to the battery powered device, and 

ii) a charge mode for receiving electrical 
power from the first and second terminal means; 

sensing means for sensing and generating 
analog signals representing battery voltage, battery 
temperature, and current at said first and second 
terminal means; 

an integrated circuit including 

i) an analog- to-digital converter for 
receiving said analog signals and converting said 
analog signals to digital signals representing battery 
voltage, battery temperature, and current at said 
first and second terminal means, and 

ii) a processor connected to the analog-to- 
digital converter for receiving the digital signals 
therefrom, and for performing predefined calculations 
using said digital signals, 
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a data bus for transmitting data between the 
processor and the battery powered device; 

wherein the integrated circuit comprises a 
multitude of layers, said multitude of layers 
including upper and lower layers, 

wherein said lower layers form a random 
access memory area for storing a plurality of variable 
data values, said plurality of variable data values 
including data values representing battery voltage, 
battery temperature and current at said first and 
second terminal means; 

wherein said upper layers form a read only 
memory area for storing a plurality of fixed data 
values • 

53. A battery system according to Claim 52, 
wherein the upper layers are formed using a metal 
mask. 

54. A battery system according to Claim 52, 
wherein said fixed data values include a unique 
battery identification code. 

55. A battery system according to Claim 52, 
wherein the read only memory area contains a plurality 

of fixed algorithms. 

56. A battery system according to Claim 52, 

> 

for use by a customer having a need for a specific 
algorithm, and wherein: 

the read only memory area stores said 

specific algorithm. 



WO 96/15563 



PCT/US95/14543 



-119- 



wherein: 



57- A battery system according to Claim 52 

consisting' 0 ' ^ ^ includ - a matrix 

consxstxng of n rows and m columns, the rows and 
columns interserHnrt * 

and' intersectln 9 t° form n x m matrix locations; 

! respective one transistor is located at 
each one of the matrix locations. 

wherein: ^ battery system according to Claim 57, 

Plur.lii-. ° f UPPSr l3yerS fUrther deludes a 

Plurality of common lines having a common electrical 
voltage level; 

each of the transistors includes a source 
terminal and a drain terminal; 

are di, + terminals of elected transistors 

trans st " ^ ^ t ™ iMl - of °ther 

transistors; and 

the source and drain terminals of other 

Ine e ir^ tranSi5t ° rS b ° th direCtly -nnected to 

one of the common lines. 

wherein: " aCCOrdin 5 to Claim 58, 

consist ofT T" 15110 " " e3Ch ° f S3id 

consist of first and second groups of transistors- 

the source terminals of the transistors of 
the first group are directly connected to the drain 
terminals of others of the transistors; and 
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the source and drain terminals of the 
transistors of the second group are directly connected 
to one of the common lines. 

60. A battery system according to Claim 58, 
wherein the source and drain terminals of each one of 
said other selected transistors are both directly 
connected to the same one of the common lines 
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1 AMENDED CLAIMS 

[received by the International Bureau on 26 April 1996(26.04.96)- 
original claims 1 - 60 replaced by amended claims 1 - 175 (83 pages)] 

5 1. A battery pack comprising: 

terminal means for connecting the battery 
pack to a battery powered device; 

a battery including at least one 
rechargeable battery cell connected to the terminal 
ir.eans, gaid battery having 

i) a discharge mode for supplying 
electrical power to the battery powered device, and 

ii) a charge mode for receiving electrical 
15 power from the terminal means; 

sensing means for sensing and generating 
analog Signals representing battery voltage, battery 
temperature, and battery current; 

an analog-to-digital converter having abled 
and disabled states, wherein in the abled state, - he 
converter receives said analog signals and converts 
said analog signals to digizal signals representing 
battery voltage, battery temperature, and battery * 
current/ 
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a memory area for storing data values 
including at least values representing battery 
voltage, battery temperature and battery current; and 

a processor connected to the analog-co- 
30 digital converter for receiving the digital signals - 
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1 therefrom, and for performing a predefined aeries of 
calculations using said digital signals ; 

wherein the processor has <i) a normal mode, 
(ii> a standby mode, and (iii) a sleep mode, 
5 in the normal mode, the processor performs 

said series of calculations at first regular cycles, 

in the standby node, the processor performs 
said series of calculations at second regular cycles, 
said second cycles being longer than said first 
cycles, and 

in the sleep mode, the processor does net 
perform said series of calculations, and the processor 
Places the analog-to-digital converter in the disabled 
mode ; and 

wherein, the processor enters the standby 
mode when the battery current falls below a preset 
current level, the processor enters the sleep r.ode 
when the battery voltage falls below a preset voltage 
level, and the processor enters the normal mode when 
the battery voltage rises above a predetermined 
voltage level. 

2. A battery pacx according to Claim l, 
wherein the battery has a variable capacity, ana said 
series of calculations includes calculating a value 
representing remaining capacity of the battery. 

3. A battery pack according to Claim 1, 

wherein: 

30 che battery has a nominally fully discharged 

voltage value; 
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! the memory area receives operating oower 

from the battery and requires a minimum operating 
voltage to maintain said stored data values; and . 

e rvw ! aid minimu:n aerating voltage is below said 

5 nominally fully discharged voltage value, wherein the 
memory area maintains said stored data values even ' 
when the battery as nominally fully discharged. 

<- A battery pack according to claim 1. 

wherein: 
10 , 

tna length of each of the second cycles <s 
an xnteger multiple of the length of each of the f'rst 
cycles. 

5. A battery pack according to Claim 1, 
15 wherein the analog-to-digital converter, the 

Processor, and the memory area receive operating power 
trom the battery. 



20 



25 



6. A battery pack according to Claim 1, 
further including: 

data receiving means to receive data from 
the battery powered device, said receiving means 
having an abied state and a disabled state; 

in the abied state, the receiving means is 
aole to receive data from the battery powered device; 
and 

in the disabled state, the receivino means 
oisablec from receiving data from the batte-y 
powered device. 
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1 u ? ' A batter f P*ck according *o r„' . 

wherein: "» w ° Cj.«un> 6, 

each of the first cycles ir ^ ud „ 
second intervals; and -nc.udea first and 

5 during each of the fi~*t- « . 

first cycles intervals of the 

cycles, the processor <i> oer^-m- 

■* -Illations, a ,d cii, places "e " f 

in the disabled state to inhibit th * ?nean£ 

data to the processor I "ansmission of 

10 -he orlT ^ b * tZ * ry device 

" he P roce «or is performing said -alculat 

8- A battery pack according to ei.« T $ * 
wherein the orocessor ~- * Claim l ' 

calcr-ia^on" C6SSOrp erfc ^ additional 

" ia "° ns ' sa -d additional calcu'.-iw,. i , 
15 caicu i«ting a value representing . 7 ln ^^xng 
capacity of the battery 9 ^ <UU Char * e 

further comprising"" to Claim 1, 

a comparator ci^r-f 
20 sensing means to M , ■ «™«cted to the 

receive the analog signal 
representing battery voltage, e - 3 L T 
UP signal, and to transmit 7- derate a wake . 

P-cessor, when th b ] t *l ^ ^ " th * 

-determined " ^ 

wherein the processor e->te~s rh» 
when the pro-essor the normal node 

r tece ives the waite-uD .i^*, , 
the comparator circir- signal from 
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10. A battery p aC k according - a P ,„ . 
f-ther comprising a switching network " " ' 

th. sensing means and to t*e Lalo C ° nnec "d to 

-<j Ci.e «nalog-*o-dioital 



35 



AMENDED SHEET (ARTICLE D) 



WO 96/15563 

PCTAJS95/14543 



-125- 

•t a tine, to the anil anAi ° 9 Si * nals ' ° ne 

' to the analcg-to-digital COi , verter< 

A battary pack comprising: 

terminal means conneet i n„ *.u 

pack to a ba-fru connecting the battery 

a oa.tery cowered dey'ce- 

-«■>.. ta tt e:; y h :; 1 l n v onnoetad te the — i ~ 



e'.ctrlr., 1 ' * disch "»« ■"'te for supplying 

'"r: 1 the p-« d de j c ., ano 

ii; a cnarge mode for recPiv<n. i 
P—« the t««, in « mM , reC " Vin » electr-.i 

signals representing batterv v «i... 
temperature and fcattery V01 ^' 

- disable" EJ^^" 1 ^ «*" 

» converter -^^^.^.^1^ 

-aid analog ai g nal9 to ^lll ^ «~c. 
battery voltage, ba*te™ ! "Presenting 
current; * tempe ~ tu «. and battery 



25 inc^udina .T"* *" aWin * V * iu ** 

vo^aae ^ ValU " battery 

voltage, mattery temperature and battery curl, 

internal cllTTiZll ••"•"ting 

clock signals at a first frequency, 

30 dial,-, * Pr ° CeSSOr c °"necced to the anaiog-to- 
oigital converter f~r 

f-r receiving the digital signals 
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-calculations using S aid digital sicnals; 

series of °* Caiculati <=" S includes a 

series of timed steps, and the timing of Said s , at! / 
5 controlled by the , - steps is 

oscillator; " 8190113 f ™ ^ 

Sana's ° SCilIat ° r derating doc* 

s.gnais at a second frequency; and 

10 the or neanS C ° nneCtin * the eternal oscillator to 
tne processor to tra-smif t-„ *u co 
s-cr-i. # transmit to the processor the clock 

s^gnds from the external oscillator; 

wherein the processor performs said series 
of ca lculationa ac regular cycieg> * *er es 

15 the L ^"r" ^ reCeiPt by of 
the clocJc signals from the external processor 

wherein: A * CC ° rdi "* « Claim U, 

the processor has normal and standby modes; 

said « i n ° rmal ffl ° de ' Che Pressor performs 

° f CalCUlatio - « first regular cycleT 

series IT ^ ^ 

series of calculations at se-ond r*-,o» 

second regular cycles; and 

2 5 stared h ° f ^ firSt ^ " CO;id c *=^s is 

started by receipt of the processor of one of the 

doc* signals from the external processor. 

13. A battery pack according to Cla<m i« 
wherein: a - BI l -» 

30 th« processor has normal and sleep modes; 
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^ in the normal mode, the processor performs 

said series of calculations; 

in the sieep mode, the processor dees r.ct 
perform said series of calculations; 
5 the battery pacic further includes a 

comparator circuit connected to the sensing means to 
receive the analog signal representing battery 
voltage, and connected to the external oscillator to 
receive the clock signals therefrom; 

when the comparator circuit receives the 
clock signals from the external oscillator, the 
comparator circuit generates a wake-up signal and 
transmits the wake-up signal to the processor, if the 
15 battery voltage is above a predetermined level; and 

the processor enters the normal mode when 
the processor receives the wake-up signal from the 
comparator circuit. 

14. A battery pack according to Claim 11, 
further including data receiving means tc receive data 
from the battery powered device, said receiving having 
an abled state and a disabled state; 

in the abled state, the receiving means is 
able tc receive data from the battery powered device; 
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and 
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in the disabled state, the receiving means 
is disabled from receiving data fror the battery 
powered device; 

30 each of the said regular cycles includes 

first and second intervals; and 
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! during each of the first intervals of said 

regular cycles, the processor (i> performs said Series 
of calculations, and pIaces the receiving means 

in the disabled state to inhibit the transmission 6* 
5 data to the processor from the battery powered device 
wiial. the processor is performing said calculations. 

15. A battery pack comprising: 
terminal means for connecting the battery 
pack to a battery powered device; 

a battery including at least one 
rechargeable battery cell connected to the ternina' 
means, said battery having 

i) a discharge mode for supplying 

15 electrical power to the battery powered device, and 

ii) a charge mode for receiving electrical 
power from the terminal means; 

sensing means for sensing and generating 
analog signals representing battery voltage, battery 
20 -emperature, and battery current; 

anri " aRalo 9-^-digitai converter having abled 

and disabled states, wherein in the abled state, the 
converter receives said analog signal, and converts 
sa.d analog, signals to digital signals representing 
battery voltage, battery temperature, and battery 
current; 

a memory area for storing data values 
including at least values representing battery 
3Q voltage, battery temperature and battery current; • 
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1 an internal oscillator fcr gere-atino 

internal clock signals at * 0* * . WMxnq 

gnais at a first frequency, 

a processor connected to *he «r, a1 
digital converter fn , analogic- 

kverter ror receiving *k«. -i ■ . 

"legations U3ing 8aid digit ' ti ser.es ei 

wherein each of »ai d M la].r,. 
series of tiired "IcUetiona includes a 

timed steps, a.-.d the .,_,.„ „, 

centrolied by the o.n^v , T ml: ' 9 of saId steps is 
10 oscillator, Sl9 " alS -" h « *»«„.! 

—is f, on the external .^^^ 

wherein the processor has mi . 
a standi TO de. . ad IU11 .X 1 *,^;^ 

..id seti,; 1 :; t;:™:, the 

t-aj-Cwia tions ar first- t-o«,, i- 
each cf said fir.f „ , regular cycles, 

-e proceX, :r: n : y o t;-7 r arted by *> 

external processor fM th « 

25 „ .„ in the starid oy mod*, the processor B „* 

said series of cal"ul.-i 0f ,„ Processor performs 

"id second cycle beL " ,#BUl " CyCle3 ' 

cvci., c y cle s being longer than said first 

^cxes, each of said second cycles also h»< 
by receipt by the nr., 6ing star ted 

sisals LJth ^ exte" °* °~ * ^ ^ 

8 external processor, and 
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pe.fcrm 3 ai a series cf calculations, and t*e 

Places the analog-to-digital converter in t-e disable 
mode: and disabled 

5 i»nH • the process « enters the standby 

-de wnen the battery current fall below . p . ese 
current level, the processor enters the slee^ mc "e 
wnen the battery voitao* u , 

'evei anrf rt vo ~tage fa_is below a preset voltage 

10 C batterv the i PrOC8SSOr e " te - *- he —1 ,ode whe! 
-he battery voltage rises above a predetermined level. 

further includingT^ '""^ 

a comparator circuit connected to the 
15 sensxng means to receive the analog signal 

Processor wh V™"" *• to the 

processor, when the battery voltage is &i>ove t u e 

predetermined level; and 

20 W~e- the c Whe " in ^ Pr °~ SSOr 6nterS the — ^ -«d. 
w e., the processor receives the wake-up signal fro, 

the comparator circuit. . " rotr - 

father ^ 17 ' A batt6ry PSCk aCCOrdi ^ to Claim 16, 

*5 8 I n °: P ; iaing * W connected to 

~e -sensing mea n, and to the ar.alog-to-d ig ital 
con verter for receiving the ana!og signals rron the 
3.- mg nes.ns and transmitting the analog signals, ore 
- « -xh». no the ar.alog-to-dig lt al converter 
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1 * ■ 18 ' A batt *ry pack accordino to "1*4-. ,c 

further Including data -e-eiv'™ ? ~ laim 15 ' 

fro, che battery powe'd d ^ 

«y powered device, and wherein- 

is disabled fmm . -eceivxr.g means 

10 P=we rM l vle :r CeC " VinS 



duri„ 9 each « the fl „. 
„ ~r.t =y= 15 ,, tfc . ptoct „ or „ rf< ,_, „ f . 

method of operating a bat-erv svstom 
having a rechargeable battery a-d a D " 
method comprising: Pressor, the 

represent SenSln5 ' « ei ^ r « tin * analog signals 

representing, battery vo'tace ha rt. 

25 . battery current; " * ten *>««^" and 

siana' COnverti ^ "id analog signals to digit.' 

"ml / ePre " nCing bittery VOlta * e ' y 
-emperature and battery current; 

30 storing data values in a r.emory area s*-h 

stored data values including lM . t „ f ' 

^ J -* *y »w least values 
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! representing battery voltage, battery temperature anri 
battery current/ temperature and 

DPB . f( thS F roce ssor performing a series of 
Predefine. calculations using said digital ^ 

O wherein the processor has (i) a nntBal 

(iii a .....j. li ' a normal mode, 

* J S - andby mocle ' a * d a sleep raod e, 

in the normal mode, the p-ocesso- ^ *• 
said series of P-ocessor performs 

e-es of predefined calculations at fi r3t 
regular cycles; i„ che , taRdb mode lr8t 
10 oerfe-n.. «.-., y moa *' the processor 

llll : " rieS ° f P " de£i ™ d calculations a^ 

second regular cycles; and in the sleep mode the 
Processor does not perform said series of 
calculations/ 

15 when the ba'ttervT"" '""^ °" — 
^avel m < T WZ fallS b6lOW a P«-t current 

viit ; e ^r:::' 109 the sieep - Tode when ^ 

entering the n ol°; ' h"' 3 " ^ «"> 

ing the normal mode when the battery vo'taa* * 
JO above a Dred.r»™j . y voltage is 

preaerer mined voltage level. 

20. a method accordino -<-> = 
t v- e q , 4n Ang -° ^-*aim 19, wherein 

ce step of convertino the a^aloc 9 i B n-u 
battery voltaoe b.*/ "ign^la representing 

curren ; ,0lCa * e ' ^ttery temperature and battery 
current so digitai signalg J 

transmitting- said -^=,1- steps of 

9 Said analog signals, one at a tin» ► „ 

analog-to-didi ^1 4 time, to an 

sicnaL , converter to convert said analog 

signals to said digital signals. 

*h* - , 21 ' * meth ° d accordin S to Claim 20, w>- e ~ein 
the anaioo-to-rt-^rT+t-*' *- e - ei n 

9 co a -citai converter has (i) an .hi.H 
to convert . • aoled state 

nvert said analog signals to said digital 
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1 3i * na1 *' and (iiJ a disabled sta-e 4 nn k 

step of *he Dro ,. d where in the 

th. ,t. P " 0 : P :::;r: * nterir - ? *•» ~* 

S mode. Sn ' he P«=««r enter, the sleep 

the e« P or: h *r Ch ° d aCC " dln3 » C1 '*"> 15- "herein 
includes tne steps of: 

10 w „ Sparing the battery voltage to the 

predetermined voltaoe «. 

tage l€V6A at Predefined intervals- 
generating a wake-up signa* wh*~ -v, ■ 
voltage is above said r.r*« - 6 oatter y 

6 S&la Predetermined voltage leve' • 

transmitting the wake-uo signa' to th. 
l5 processor; and " i9na " to tne 

the processor entering the norma* ^ . 

resDon**. . norma, rcoae ir. 

sponse to transmitting the w«v«-„^ 

processor. "ake-up signal to the 



23. A method according to Claim 10 

llillV*' b "" ry systen *«<-.. • 

r - ceiv mg means, and wherein: 
ca^culati.^ 6 SCCP ° f Perforrin 9 the preaefined 

of fh o - alCJlatlons ln -he first interval c* ea ~ h 

of the first cycles; and 

che method further includes the steps of 

1) . tran ^itting data to the data receiving 
30 mean S/ and receiving 
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il) disabling the data receiving means 
during the first interval of each of the first cycles 
to inhibit the transmission cf data to the data 
receiving means while the processor is performing the 
predefined calculations . 

24, A method of operating a battery system 
having a rechargeable battery, a processor, and first 
and second oscillators for generating clock signals at 
first and second frequencies, the method comprising: 

sensing, and generating analog signals 
representing, battery voltage, battery temperature and 
battery current; 

converting said analog signals to digital 
' signals representee battery voltage, battery 
temperature and battery current; 

st c ring data values in a memory area, said 
stored data values including at least values 
representing cattery voltage, battery temperature "and 
20 battery current; 

the processor performing a series of 
predefined calculations at regular cycles using said 
digital values, each of said calculations including a 
series of timed steps; 

transmitting the clock signals from the 
first and second oscillators to the processor; 

starting each of said regular cycles in 
response to transmission to the processor of one of 
the clock signals from the first oscillator; and 

30 
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1 controlling the timing of the M-^h , 

the predetermined cal-ui*^ Steps of 

,ea ca -^ulations csinc t*e 
from the second oscillator. ' "gnal. 

25. A method acccrdina -a ri a <. 
5 th» - -aing _ w Claim 24, wherein: 

5 the processor has normal and standi „ 

the Step ~* D#srfrt 4 Standby nodes; 

Predefined calculi' P# f f ° r " lB « the of 

alCUlati3ns deludes the steps o* 

-> performing said series of cai~-*.4 
first regular cycles uha , v -nations at 

10 n«r ms ,i • cyk - les "hen the processor is J t*« 
normal mode, and 

ii) performing said series of ca v u3 , MA 
at second regular r^-, . ^"-culations 

-eguxar cycles when the processor +. • 
standby mode; and P-°ces$or is m the 

15 Ch * 3tep of starting each af 

cycles includes *he »r«, * regular 

-*ie steo of sts"-'n« . 

first reau'-r ~ , sta__ng each of said 

regu.or cycles and each ~* «h , 
cycles in response . G . ' ^ SeC ° nC 

cne of t*. -i!ck ; ranS ^ SSlon to the processor cf 

the . •==«dln, to d«i« J4, wh.«. r 

p v : -rrr:r the * naios — ;: 0 

* a - c ? signals, one «t- a _ ■ 

y aig it a A converter to convert saia a-.- „ 
signals to said digital signals. ° ? 

«. A method according to Claim 24, wherein: 
the processor has normal and sleep modes; 

said series o' c a ;:; ma: ^ ^ * 
l " °* calcu.ations; 
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^ in the sleep mode, the processor does not 

perform said series of calculations; and 

the method includes the further step of the 
processor entering the normal mode when the battery. 
5 voltage is above a predetermined voltage level. 

28. h method according to Claim 21, wherein 
the step of the processor entering the normal mode 
includes the steps of: 

comparing the battery voltage to the 
predetermined voltage level 3t predefined intervals,- 

generating a wake-up signal when the battery 
voltage, is above said predetermined voltage ..level; 

transmitting the wake-up signal to the 
processor; and 

the processor entering the normal mode in 
response to transmitting the wake-up signal to the 
processor. 

25. A method according to Claim 28, wherein 
20 the battery system further includes a voltage 
comparator, and wherein: 

the comparing step includes the steps of 
transmitting the clock signals from the first 
oscillator to the vcltage comparator to activate the 
voltage comparator at said defined intervals tc 
compare the battery voltage to the predetermined 
voltage level; and 

the generating step includes the step of the 
30 volt *9 e comparator generating the wake-up signal when 
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Processor has normal and sleeo mnn..- 
5 in ma . 3iee P modes/ 

s . iri . the norn:fiI m °d 9/ the processor De . fo „ e 
■•xd ser les of calculations; Pe-forms 

in the sleep mode. -h*» 
perform said series J , Processor does nor 

series of calculations; 

10 T rr hod f ' jrther inciude * the of 

when the J^ll^Z ^ ^ -de 

level, and 3 bel ° W 8 preset v ^tage 

li) disabling the second csr'n.^-. 
15 processor enters the sl , Pn m „ osc -"«or wnen the 

a cne s -i-eep mode to in*-ib- - **** 
oscillator f-n-n „„„ " 1B -" the second 

tor f.om generating clock signals w^en the 
battery voltage falls h„, w the 

31 A ' th ! " V ° itage leVel « 

A methca according ro C i,.„ . 

80 additional ca^oX. \ PB " 0 ™-' 

1 Caicu iations including eal~,i»«.« 
representing a learned full cnarL f 9 * 

battery. ca P*city of the 

oc 32. a method of od»t\»*- i ^ ^ 

25 havino * r^v. °P*ra_ang a bactery system 

anH „~ , yr a processor, a*--* f<* 

and second oscni a f ftre * > £-rst 

first 9e--era.ing clock signals a- 

*irst and second frequencies -b*. ^ u , 

s*r*< --« n "es, -*e method ccmprisino: 

sensing, and generating analog siorals " 
represen^ine, ba^tf»ru t^i . - ais 

battery current ^"tur, and 
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converting said analog signals tc digital 
signals representing battery voltage, battery 
temperature and battery current; 

storing data values in a memory area, said 
stored data values including at least values 
representing battery voltage, battery temperature and 
battery current; 

the processor performing a series of 
predefined calculations using said digital values, 

each of said calculations including a series of timed 
steps; 

controlling the timing of the timed steps 
using the clock signals from the first oscillator; 
15 wherein the processor has (i) a normal mode, 

(ii) a standby mode, and (iii) a sleep mode; 

in the normal mode, che processor performs 
said series of predefined calculations at first 
regular cycles; in the standby mode, the processor 
performs said series of predefined calculations at 
second regular cycles; and in the sleep mode, the 
processor does not perform said series of 
calculations; 

transmitting the clock signals from the 
second oscillator ..-So the processor; 

each of the first and second cycles starting 
in response to transmission to the processor of cne of 
the deck signals fro*, the second oscillator; and 
30 the Processor (i, entering the standby mode 

when the battery' current falls below a preset current 
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level, (ii, entering the sleep mode when the battery 
voltage falls below a preset voltage level, and uu, 
entering the normal mode wher. the battery voltage is 
abcve a predeter.-r.ined voltage level. 

33. A method eccording to Claim 32, wherein 
the step of the processor entering the normal mode 
includes the steps of j 

comparing the battery voltage to the 
predetermined voltage level at predefined intervals; 

generating a wake-up signal when the battery 
voltage is abcve said predetermined voltage level; 

transmitting the wake-up signal to the 
processor; and 

15 th * P ro =essor entering the normal mode in 

response to transmitting the wake-up signal to the 
processor. 

34. A method according to Claim 33, wherein 
the battery system further includes a voltage 
20 comparator, and wherein: 

the comparing step includes the steps of 
transmitting the clock signals from the second 
oscillator to the voltage comparator ' to activate the 
voltage comparator at said defined intervals to 
compare the.„battery voltage to the predetermined 
voltage level; and 

the generating step induces the step of the 
voltage comparator generating the wake-up signal when 
3Q the battery voltage is above the predetermined voltage 
level. 
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L 35. a method according to Clam 32, wherein 

the step of entering the sleep .mode includes 
the ste p of disabling the first oscillator when the 
processor enters the sleep mod6s to inhlfait ^ f . ^ . 
oscillator frorr. generating clock signals whe.- th- 
battery voltage falls below the preset voltage level. 

36. A method according to Clair. 32, wherein 
the battery has a variable capacity, and said 
predefined calculations include calculating a value 
representing remaining battery capacity of the 
battery. 
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37. A battery pack comprising: 
terminal means for connecting the batte-y 
pack co a battery powered device ar.a zo a battery - • 
5 recharger; r 

a battery including at least one 
rechargeable battery ceil connected to the terminal 
means, said battery having 

10 i) a ^charge mode for suoplying 

electrical power to the battery powered device, and 

ii) a charge mode for receiving electrical 
power from the terminal means; 

sensing means for sensing and generating 
15 ana.og 3ignala representing battery voltage, battery 
temperature, and battery current; 

an analog-to-digitai converter for receiving 

' dici! 7 5i9nalS — tin ^ -alog signals 

-o digital signals representing battery voltage, 

battery temperature, and battery current; 

a processor connected to the anaiog-tc- 
cus.tal converter for receiving the digital sianals 
C.erefrom, and for performing a predefined series c* 
calculations using said digital signals; 

a memory area for storing data values 
incuding at least values representing battery 
voltage, battery temperature and battery current; 

30 Ireana to supply electrical power to said 

memory area, including a capacitor connected to the 



20 



25 



35 



AMENDED SHEET (ARTICLE 19) 



1 



30 



WO 96/15563 PCT/US95/14543 

-142- 

j b.t«ry tc receive eiectrlcal power therefrom, end 
connected to the memory area to supp eleetrica . 
pcwer thereto.' 

38. a battery pac « according to cia*m 37 
5 wherein: m 37 • 

the means tc sucd'v &le>r**-r-< » 

rr-j' eiec.rica. power to «s«r> 
«e»ory e«. £ ur-.,.r Includes . power f 

el.ctrlc.Xiy connects th. ,.. TO ry are. to the oact'ery 
io to suppiy ei.ctrlc.l P ow.r to the n „,ory .tea, and 

the mer.ory area receive, electricel power 
fron, the capacitor In ea.e of an Interruption in - h . 
supply of electrical power t-o 

-he Mtt ., , tne memory area through 

-fte power supply circuit. 

15 u-v,. • w 39 ' * battery ? aik according to Claim 38, 
wherein the power supply circu't tnri,,,i • , 

Su w Hr „ .„ _ FP y Clrcu - t includes a deiatching 

" " elftCtri «^V -coupling the memory area : 

-rom the battery under predetermined conditions. 

ft,-.. « 40 ' A batter y according to Claim 39, 

father including an interna: power terminal; and 
wnerein the power supply circuit includes: 

means electrically conn , „, . 

— / connecting the battery 

to POWer cerminal to £uppiy electricai power y 

said power terminal from the battery; and 

means electrically connecting the power 
terminal to the memory area to supply electrical power 
to said memory area from the power terminal. 

«1. A battery pact according to claim «c, 
wherein the deiatching circuit electrically decouples 
the memory area from the power terminal when the 
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1 lllir* ° f the P ° W6r terminal falls be:ow • given 



wherein: 



42. A battery pack according to Claim 41, 



5 the delatching circuit includes 

i) a switching transistor located in f-e 

means electrically conrer- i nn ,-k~ " 

y connecting the pcwer terminal to 

the memory area, 

"> a siC n Bl U) 3 S6nSOr ^ r SenSing ' and f£r crating 
a sxcnal representing, the voltage of the power 
terminal, and 

iii) means for applying to the switching 
transistor the signal representing the voltaoe of -he 
15 power terminal; 

the switching transistor has 
i) a conductive state for electrically 
coupling the memory area to the power terminal, and 
an . ii> a non-conductive state for electrically 

20 decoupling said memory area from the power terminal; 
and 

the switching transistor switches from the 
conductive state to the non-conductive state when the 
vc-tage of the power terminal falls below the criv- 
* D level. - 

43. A battery pack according to Claim 3"» 
wherein the terminal means incudes first and second' 



30 



terminals and wherein the ba-.rery pack further 

includes means tc inh-i->"«- «-h<, ^ 

tc inn.o.t the flow cf current through 

tne battery in case cf a short circuit across the 
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! first and second terminal, and c-> he1n • 

flow of current 'rem rh i ' maintai " the 

nc -rem the battery i- a ru a ^ 

case of aai d short circuit. * area in 

5 wherein ^K^' A battw V P 4 ^ accordina tc Cla^' n 
5 w-erein the means to inhib-- " Cia - m - 4 3, 

trough the battery in " "° W ° f CUrre ^ 

««tcery induces a fuse loear-^ • 
between the battery cell a ,n Seated « series 

45 a J ° f tke -finals. 

herein the mM ^ 6CCOr * in * to Claim « 

^ -fte means to inhibit the fl™ ~* 

through the batterv i^cl-des 1 
-efficient element 1™ i """"^ 
^ry cell and one of tt ^7 

high impedance between th. s ' 6reatin S * 

15 of the terminals Tlase^ 7 ^ "* 

46 a k Said Sh ° rt ci ^uit. 

wherein: Pae * to Claim 43, 



so 
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..id m ., ory « e . l^. r a , frOT ;he 

capacitor for at I... t . eleC "" el P~« -'«« the 

case of a short ci-mt. * 

and second term- na i s «-„. Ci " CJit acr °« -he fi rsc 

i.m_nais, the ir.eans to -nhih-i«. -k 

current tnrough the battery ra< J . ° W C ~* 

battery above said presl T ^ V ° 2 ^ 9e ° f th * 

^ , preset level with'n s.is • 

Period of time. n SAia ffiven 

47 



wherein: * flCCOrdi ^ to Claim 37, < 

30 the battery has a vaeiaW# e . 

•«d. series of calculations mLde 
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1 i) calculating a value representing 

remaining capacity of the battery, and 

ID calculating a value representing learned 
capacity cf the battery. ed 

5 . h . 48 ' A methcd of grating a battery syst eT 

havxng a rechargeable battery, a processor and a 
memory area, r_ he met:nod comprising: 

sensing, and generating analog signals 

10 ^f^^' -l t age, battery temperature an, 

battery current; 

converting said anslog signai3 fco d 
s-gnals representing battery voltage, battery 
temperature and battery current; 

15 stored A r SZ °T g ValUeS ±R meT>0ry " ea ' ma- 

stered data values including at least values 

representing battery voltage, battery temperature a-d 
battery current; 

the processor performing a series of 
predefined calculations using said digital values; 

conducting electrical current from the 
oattery to a capacitor to develop an electric vo'tage 
■level therein; and " 

electrically coupling the capacitor to the 

memory area tc ccnAf-* , -■< 

a tc conduct electrical power thereto, 

4 9. A method according to Claim <Q, fu-ther 
including the step of conducting electrical cur-e-t 

* cery -° che memory area, via a powe^ 
supply circuit; and wherein a „ case cf an interruption 
c the supply of electrical current from che battery 
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1 ILT " m ° ry the pOW " »**Y circuit, said 

memory area receives electrical power from the 
capacitor. 

50. A method according to Claim 49, further 

5 incline the step of electrically decoupling the 
pernor y area ttam ^ ^ » 

conditions. 

the 5t eP J 1 !/ r' h ° d a " Cr ' ding tc Clai - 50, .herein 
the 5t ep of electracally decoupling the memory area 

from the battery includes the steps of: 

sensing voltage in the power supply circuit; 

electrically decoupling the memory area -ro- 

15 I ""' ^ **• oower 

supply circuit falls below a given level. * 

_. w 52 " A meth 5d according to Claim Si, w-e- ei - 

processor a nd ehe meMry «„ „, part =£ 

20 integrated c-rcji- arH - «. 

l-Cud.. I J1 " an ° th « integrated circuic further 

l..c uaes a power terminal, a .,d wherein the stec of 
con^ctin, electrical current from the battery" to the 
memory area includes the s-.eps of: 

25 - he , mlm *^^Y coupling tie power terminal to 

-he oattery to produce a voltage level at the power 
terminal/ and 

tn. Wft elftCtricall y coupling the power terminal to 
t..e memory area to apply co said memory area ~he . 
3Q - vol-.age level at the power terminal. 



35 



AMENDED SHEET (ARTICLE 19) 



WO 96/15563 



PCT/US95/14543 



-147- 



th« step of aenaino voltao* ^ -w 
supply circuit include volt * ff- la *h« Power 

•upply circuit f«M. voi "«« in the pow.r 

inclad.. th. «'p* of , " * 9iW " TOit «" 
3 «»ory .r.. f"r t ! • 1S " ri =* il * th. " 

— .t . Jzrsrsn\ r th - — 

l.v«l. ™"' ™ Uo he-^o" th. given 

th. h.tterr:y.tr«u;i* cc r rdin ' to «»- —.*» 

Mwi .nd th. r.l .r" UdM ,lr " «* — - 
•aid t.rai„ a i. £ , r 't" 9 T b '"~* -»»*.d to 

P°-«.d d.vic. ST' • U « ri «l *°«« to . b.tt.ry 
»«t.ry to ». i "" n , g \ h * « — ~t throu*. th. 

- «»hd ""to" ; 0 " eircuit acr °" the 

current £ ro n ^IT^tZ "° W " 

"id .hort circuit y ln c "' <* 

wh.r.m : " ' * "° a ""' SCC8rtU '" to Cl.to „, 
through tn. th Da t°t. e rv° f T^""* " —«* 

?i^en period of time; and 
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t 

the step of electrically couplino *he 
capacitor to the memory area includes the step of. ir 
case of said short circuit, ccnducting electrical 
power from the capacitor to the memory area zo ■ 
maintain a voltage level at the memory area above a 
predetermined voltage level for at least a given 
period of cime. 

x A acC0rdin 9 to Claim 48, wherein 

the battery has a nominally fully discharged voltage 
value, ana the memory area requires a minimum 
operating voltage to maintain said stored data values 
said minimum operating voltage being below said 
nominally fully discharged voltage, and wherein the 
15 method further comprises the step of 

when the battery voltage is below the 
nominally fully discharged voltage value, applying a 
voltage to the memory area that is above said minimum 
operating voltage to maintain said stored data values. 
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1 57. A battery pack comprising: 

terminal means for connecting the battery 
pack to a battery powered device anc to a battery 
recharger; 

* 

5 a battery including at least one 

rechargeable bat*e-v eP r 

- e - cel - conr.ec-ea to the termir.a 1 

means, said battery having ' * 

-> a discharge mode for supplying 
iq electrical power to the battery powered device, and 

a charge mode for receiving electrica" 
power from the terminal means; 

sensing means for sensing and generating 
analog signa : s ^presenting battery voltage, battery ' 
15 temperature, and battery current 

said * , ^ * nal09 - t0 - di 5it:al converter for receiving 
aaid analog signals and for converting both positive 
and negative analog s _ gnals to digital 

representing batte-v voit« rt * = 

y *tte.y voltage, battery temperature, and 
20 battery current; 

a processor connected -o the analog- to- 
digital converter for receiving the digital signals 
th.r-._roe, and for performing a predefined series o- 
^ calculations using S6 id digital signals; and 

a memory area for storing data values 
including at least values representing battery 
voltage, battery temperature and battery current. 

30 
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l 58. A battery pack according tc Claim 5"? 

wherein the analog-to-digital converter includes: 

a bardgap reference circuit tc provide a 
preset analog voltage; and 

5 a voltage shifting circuit to provide a 

variable base reference voltage to facilitate 
generating digital values representing pcsitive ar.d 
negative analog signals. 

59 • A bat -ery Peck according to Claim 58, 
wherein the anaiog-to-digitai converter further 
includes a voltage divider network to receive the 
preset analog voltage from the bandgap reference 
circuit and to divide said preset analog voltage into 
15 a plurality of voltage outp-jt values. 

60. A smart battery according to Claim 58, 
wherein the analog-to-digital converter further 
includes a sigma-delta converter for receiving the 
analog signals from the sensing means and for 

20 converting said analog signals to digital values 

representing battery voltage, battery temperature, and 
battery current. 

61. A battery pack according to Cla-m 57 
wherein the analog-to-digital converter processes each 
of the analog signals representing battery voltage, 
battery temperature, and battery current for a 
respective period tc produce the digital values 
representing battery vcltage, battery temperature, and 

30 battery current. 
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X 62. A battery pack according to Clain 61, 

further including: 

an oscillator for generating clock signals 
at a given frequency; and 

5 means to transmit said clock signals to he 

analcg-to-digital converter; and 

wherein each of said periods has a length 
determined by said clock signals. 

10 „ v " * A sriart battery pack according to Claim 
62, wherein: 

the anaiog-to-digital converter processes 
the analog signals representing battery voltage, 
battery temperature, and battery current fcr first, 
15 second and third periods respectively; and 

the lengths of said first, second and tM-d 
periods are determined by the lengths of time reaped 
for the analog-to-digital converter to receive, 
respectively, f irat , 5econd and third numbers d£ 
20 clock signals. 

€4. a battery pack according co Claim 5B, 
wherein the voltage shifting circuit includes: 

a first, capacitor having first and second 
opposite sides; 

means to generate a reference ground voltage 
level; and 

a switching network f 3 r applying the 
reference ground voltage level and the analog signals 
3Q to the first and second sides cf the capacitor to 
develop a voltage level at the capacitor; 
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2 the switching network having 

i) a first state for applying the reference 
ground voltage level to the f irst side of chft 
capacitor, ar.d for applying at least one of said " 
5 ana.og signals to the seccnd-side of the capacitor 

and ' 



10 



ii> a second state for apDlying t*e 
reference ground voltage level co the second side of 
--he capacitor, and for applying at least one of sa'd 
analog signals to the first side of the capacitor." 

55. A battery pack according to Claim 64, 
wherein: ' 

the analog-to-cigitai converter f-rther 
15 includes a sig^a-delta converter including 

i) means to generate a second reference 
voltage level, 

ii) an integrator having first and second 

inputs, 



20 



iii) means to apply the second reference 
voltage level to the first input of the integrator, 

iv) a switch electrically located in series 
between the first capacitor and the second input of 
the integrator; and 

the switch has 

i) a conductive state for applyinc the 

voxtage level cf the first caaa-it-n^ -u 

•nest capacitor to the second 

3Q input of the integrator, and 
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1 . li) a conductive state for elec-rxea ' 1„ 

decoupling the fi„. . -rxca.ly 

P g tne first capacitor from the second input 
of the integrator. P 

5 wherein -J''/ aCCOrdi ^ to Cl.im 64, ' 

5 where.n the sig^a^elta converter further includes: 

a second capacitor electrically '■ oeatm a 
Parallel with the integrator; and " 

a further switch electrically i ocat ed 
Par- lei with the second capacitor to selectively' 
discharge said seecnd capacitor. 

wherein: ^ * ^ aC " rdin * tc Clair. 64, 

the integrator has an output voltaoe leve" • 
15 the sigma-delta converter further includes' 

inputs, V> * COSJpar «« ^ing first and second 



voltaoe meanS ^ 5eC ° nd 

voxtage level to the firs- - not- -w 

20 and P f Ch * COfn P*rator, 

of th. • t0 a?Ply the ° Utput v °ltage level 

of the integrator to the second input of the 

comparator; and 
25 che comparator has 

aml . . L) a firs " ou =P ut wh «n the voltage level 
appliea to the f<" S «- i« nnf „«r 

„. w ~ s - in P"t of tne co.nparator is less 

tnan the volraae 1p« b ; =r,».-<-.j . 
. 9 vex applied to the second i npu - of 

the comparator, 3r .d 

30 . a ' 8 SeCOni ° Utpu "- when the voltage level 

applied to -the first input of the comparator is 
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greater than the voltage level applied to the second 
input of the comparator. 

€6. A battery pack according to Claim 6~? , 

wherein: 

the sigma-delta converter further includes 
vii) a counter, and 

ix) means for applying the output cf the 
comparator to the counter; and 

the counter maintains a count of the number 
cf times the first output cf the comparator is applied 
to the counter during a defined period of time, 

62* An analog-to~digitai converter 

including : 

input means to receive positive and 

negative analog ^input signals; 

a signal converter to. receive the analog . 

signals from the input means and for converting both 

positive and negative analog signals tc digital 

20 signals; and 

output means for receiving the digital 

signals from the converter means and transmitting the 

digital signals from the analog- to-digital converter. 

"?0. An analcg-to-digital converter according 

tc Claim 69, wherein the signal converter includes: 

a bandgap reference circuit to provide a 

preset analog voltage; and 

a voltage shifting circuit tc provide a 

„ variable base reference vcltage to facilitate 
30 



15 



25 
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genecating digital values representing positive and 
negative analog signals. 

" i « An analog- to-digitai converter 
according to Claim 70, wherein the signal converter- 
further includes a voltage divider network to receives 
the preset analog voltage from the bandgap reference 
circuit and to divide said preset analog voltage into 
a plurality of voltage output values. 

72 . Ar. anaicg-tc-digital converter accordir.o 
to Claim 69, wherein: 

the input means receives a plurality cf 
different types of input signals; and 

the signal converter further includes a 
sigma-delta converter to receive said different types 
of input signals and to process the different types of 
input signals for different periods of time to produce 
digital signals representing the input signals. 

73. An anaiog-tc-digi tal converter according 
20 to Claim 72, wherein: 

the sigma-delta converter includes a dock- • 
input to receive clock input signals at defined 
frequencies ; and 

the different periods of time have lengths 
determined by the lengths cf time required for zhe 
sigma-delta converter to receive different numbers of 
the clock signals. 

74. An ar.alog~tc-digj.tal converter according 
to Claim 70, wnerem the vcicage shifting circuit 
includes: 



15 
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10 



a first capacitor having first and second 
opposite sides; 

means to generate a reference ground voltage 

level; and 

a switching network for applying the 
reference ground voltage level and the analog signals 
to the first ana second sides cf the capacitor to 
develop a voltage level at the capacitor; 

the switching network having 

ij a first state for applying the reference 
ground voltage level to the first side cf the 
capacitor, and for applying analog signals to the 
second side of the capacitor, and 

15 L± > a second state for applying the 

reference ground voltage level to the second side of 
the capacitor, and for applying the Input signals to 
the first side cf the capacitor. 

75. An analog-to-digital converter according 
20 to Claim 74 , wherein: 

the signal converter further includes a 
sigma-delta converter includinc 

i) means to generate a second reference 
voltage level, 

ii) an integrator- having first and second 

inputs, 

lii) means to apply the second reference 
voltage level to the first input of the integrator, 
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iv) a s 



between the f ^t^* 11 * lo «^ i« serie 

between tne £ir. S capacitor and the second input o* 
tr.e integrator; and 

the switch has 

5 vo' t .« i ^ 8 C ° ndUClive Stats ; =-' Wlying the 
vo.tao, ievel of the first capacitor tc the second 
input of the integrator, and 

ii} a non-conductive state for electrically 

10 of th. capacitor, fron the second ino U t 

the integrator. 

to ^ .I 6 * r andi ' g - to - di 5-"l converter according 
to 75 , wherein t . e 9igma . deIra conver I 

includes : - t>- - 

15 oaralln, 3 Cap4Cit0 -- •Metrically located - 

Parallel w- t fc the integrator; and 

m - 3 SVUCh eie «ricai: y located in 

parallel wxth the second capacitor to selectively 
d-scharge said second capacitor. 

77. An analog-t 5 -digUal converter accord* 
to Claim 75, wherein: " 9 

the integrator has an output voltage i eV -l- 
the sig^a-delta converter further includes' 
25 irput3r * * "-Water having f irsc and second 

vi) means to apply the second reference 

vox-age level to the first i-cut of »r. 

J —F U1 - or wne ccmparatc-. 
and ' 

30 



s 
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o. t..e -ntegrator to the second input of the 
comparator; and 

tne comparator has 
5 Da first output when the voltage leva' 

applied co the first input ef the comparator is le s "s 
than the voltage level ^ ^ se=ond 

the comparator, and 

" r5w --Put of -he comparator is 
greater than the voltage level applied t0 the aftcond 
"put of the comparator. 

to Clai m anai09 --=- di ^ tal converter according 

15 to Claim 7? , wherein: 

the aigma-delta converter further includes 
i) a counter, and 



20 



ii) means for applying the cutout" of the 
comparator to the counter; and 

the counter maintains a count of the number 

or times the first output o* the - n » n »r» 

t * ,u '- °- comparator has been 

*FPlxed to tne counter during a defined period of 

1 1 rr.p . 



hav.r.g a rechargeable battery. . processor, a memory 
area and an analcg-to-digital converter, the method 
comprising: 



connecting the rechargeable battery to a 

pQI 

thereto; 



3Q battery powered device to supply electrical power 
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1 sensing, ana generating analog signals 

IXITT' batt6Iy VOUa9e ' bat " ry ^P-a-.ure and 
-.eery current, said analog signal including ^ 

positive and negative signals; 

5 transmitting said analog signals to the 

analog-to-digital converter; 

bo^n th anal09 ' t °- d ^ i --- converter, converting 

ootn the positive and negative analog signals -o 

*> teL"rV i9nal5 rePre " nti ^ ^t.ry voltage, battery 
temperature and battery current; and 

storing data values in the memory area, said 
scored data values including at least values 
"Presenting battery voltage, battery temperature a-d 
15 battery current. 

80. A method according to Claim 73, where-r 
the step of converting the analog signals tc digital' 
signals includes the steps of: . 

generating a preset analog bandgao 
references voltage; and 



20 



25 



_ generating a variable base reference voltage 

to facilitate generating digital values from both 
positive and negative analog current signals. 
.„ 81 • A me - hod •cteorda.ng to Claim 80, where in 

t-.e step =f generating the bandgap reference, voltage 
. xnc.udes the step of dividing the- bandgap reference 
voltage into a plurality of output voltage values. 

62. A method according to Claim £1, wherein 
3C the seep of converting the analog signals to digital 
signals further includes the steps of processing each 
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of the analog signals representing battery voltage, 
battery temperature and battery current for a 
respective period cf time' to produce the digital 
val.es representing battery voltage, battery 
temperature and bittery current. 

33, A method according to Clam 82, further 
including the steps of: 

generating clock signals at a given 

frequency; 

transmitting the clock signals to the 
analog-co-digital converter; and 

using the clock signals to determine the 
lengths of said periods of time. 

15 S4. A methcc according tc Clair. 80, wherein: 

the step of generating the base reference 
voltage includes the steps cf generating a reference 
ground voltage level; and 

the step of converting the analog signals to 
20 digital signals further includes the step of 

developing a voltage level in a capacitcr having first 
and second opposite sides, including the steps of 

i) at first times, applying the reference 
ground voltage level to the first side of the 
capacitor, and applying the analog signals tc the 
second, side of the capacitor, and 

ii) at other times, applying the reference ' 
ground voltage level to the second side of the 
capacitcr, ana applying at least one of the analoc 
sigr.ais ~o the first side of the capac-tcr. 
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1 .85. A method according to Claim 84 , wherein 

the step cf converting the analog signals tc digital 
signals further includes the steps of: 

generating a second reference voltage level; 
5 applying the second reference voltage level 

to a first input of an integrator; and 

selectively applying the voltage level cf 
the capacitor to a second input of the integrator. 

8c. A method according to Claim 85, 

10 wherein: 

the integrator has an output voltage ievei; 
the step of converting the analog signals to 
digital signals further includes the steps cf 
15 i) applying the second reference voltage 

level to a first input of a comparator, and 

ii) applying the output voltage level cf the 
integrator to a second input of the comparator; 

the comparator has a first output voltage 
level when the voltage level applied to the firs- 
input cf the comparator is less than the voltage level 
applied to the second input of the comparator, and the 
comparator has a second output voltage level when the 
voltage level applied to the first ir.pvt of the 
comparator is greater than the voltage level applied 
to. the second input of the comparator; and 

the step of converting the analog signals to 
digital signals further includes the step of (iii) 
counting the number of times the comparator has the 
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a first output voltage level during a defined r>*n ■ 
time. " lneQ perioa of 

a." ait- i ^ " A ^^'^ ° f ° peratir -9 •« ar.alog-to- 
a^gxtal converter, comprising the step 3 0 f 

signal - o^e ^ ^ *^°g 

9na - s -° - n « converter; and 

converting both the positive -r^ „ 

10 

i) generating a preset analog signal, and 

s'gnal to ! \'f eneraCin * a v *"*°-* base reference 

re"!" t0 . faCilita -- a aerating digital signals 
representing pos--tv*» - 

9 pos_ tVe a„ a negative analog signals. 

5 th„ . meth ° d accordin g tc Claim 87, wherein 

the step of cor.ve^ir- 9r9in 

a-ai«, • , Positive and negative 

-alo ? Slgnals incl . Jdes t , 8 of 

Preset analog signal into a p , urei 9 
outp-j- values. voltage 

A method according -to Claim a-* u k» 

' v.ie^.,-^ d., whereir: 

e ^ „. «ndu«ing step includes the steo - 

ccnaucting a plurality of dif'ere- -v»- / 
canals ta -.he converter; and 

25 S * 6P ° f inverting the oositive and 

-negative analog signals fun-w • , • 

■a ais rurther includes the „^ 

Processing -re differ- P of 

***vs -r.e airrerent tvoes cf J nr ,,,. „ . 
ri ifr av . u yf-=5 " -nput signals for 

different periods of time to produce digica' s — aL 
representing the input signals. ' 

3C 90. a method acccrdinc tc ClaiT 89 

wherein: " ' 
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°- ^Pur si5na , s P „ c : «>* <Uff.. ut type, 

yufl * 5 includes * no ^ 

to che convene at H ! eond ««i ng clock 

the d-fL: d and 

me afferent p«r-a«s • 
5 determined b P of time nave length 

converter ~o r.. • ^ re< ? ui «d for. the • 

r "° re =e iVe different ru T ±>e>- s 
signals. nuxDers of tne clock' 

Si. A method according to Clairr pi 
the sten „* 8 ' wh *r«i-: 

10 v-kaa. < generating the base reference 

v.icage incudes the steps 5 * ge . er , t , n „ C * 
ground voltage level; and * reference 

15 developing a ^^TT °' 

-d second opposite s< de9 rc h " in * fi "' 

e9 ' - nci ^tng the steps cf 
a - f irst tines, apo'virer 
ground voitaoe lev e * -« *w '/ PP - yiRg the reference 

e - -o the firs'- sidp n* *w 
capacito- a „j . e °- the 

?0 aecor.d 3ide of t £ ^"'J analC? S ^-l 3 to the 

tne capacitor, and 

ii) at other times, appiyina th* 
ground voltage leve' -o ^ PP^ ln g the reference 

* Ve ~ -° th * second side c' the 
capacitor, and acp' V i-o - 

signals co the fW ^ aSt ° ne of the *naloc 

5 ° firS "' Side of capacitor. 

92 ' A method accc-di-a m - 
the step of. converting th « a ^, 0 I ^ 

signals fu— her (n.i •■ " gnexS - 3 o-gttai 

" fler in =iuaes the steps of; 

generating a second reference 
applying the second reference 
to a first input of .« i->- 6re - ence voxtage level 

H-t or a<i integrator; and 
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1 selectively applying the voltage level 0 f 

the capacitor to a second input of the integrator. 

93. a method according to Claim 92, 
wherein : ' . 

5 the integrator has an output voltage level- 

the step of cor. verti n g the analog signals to 
digital signals further includes the steps of 

i> applying the second reference voltage 
^ level to a first input of a comparator, and 

ii) applying the output voltage level of - he 
• integrator to a second input of the comparator; 

the comparator nas a first output voltage 
level when the voltage level applied to the first 
15 mput of the comparator is less than the voltage level 
applied to the second input of the comparator, and -ne 
comparator has a second output voltage level when ~he 
voltage level applied tc the first input of the 
comparator is greater than the voltage level applied 
20 to the second input of the comparator, and 
• the step of converting the analog signals to' 

digital signals further includes the step of (Li') 
counting the number of times the comparator has the 
first output voltage level during a defined cried o* 
*5 time. ' 
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1 94. a battery pack comprising: 

terminal means f C r connecting the bafery 
Pack to a battery powered device and to a battery 
recharger/ • 

5 a battery including at least one 

rechargeable batterv cell connected m« *. 

- cc.nectea tc the terminal 

means, said battery having 

t 

i) a discharge mcde for supplying 
iq electrical power to the battery powered device, and 

ID a charge mode for receiving electrical 
power from the terminal means; 

sensing means for sensing and generating 
- qn»is representing battery voltage, battery 
15 temperature, and battery current; 

an analog-to-digitai converter for rece'v'-o 

""diai-r S±9nalS ~io, signals 

digital Slgnals represe;:ting bactery voitage< 

battery temperature, and battery current; 

a processor connected to the analcg-to- 
digital converter for receiving the digital signals 
-here. rem, ana for performing predefined cal-u'a'i — - 
using said digital signals, wherein said orede— ed 
calculations include calculating an actual fu'J 
capacity = f the battery at. predefined times; and 

a memory area for storing data values 
deluding at least values representing battery 
vo.tage, battery temperature and battery current. 

30 ■ ■ 55. a battery pack according to Claim 34, 

wherein: 
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1 the battery has charge-discharge cycles, in 

eaca cf said cycles, the battery is charged ar .d 
discharged; 

5 .-d, of a /" he F "«" 01 ixcirt.s r .ean S to identify the 

-vol.! ' = " d °"" °-' the «»««-«U« h .„. 

cycles; and ' 

the processor calculates the actual 
fuxl capacity of the battery at the ends of a; ieaV 
iq selected ones of the charge-discharge cycles. 

96. A battery pack according to Claim 95, 

wherein: 

the processor maintains 

i; an uncertainty value representing an 
15 uncertainty in the full capacity of the battery, and 

"■> a nominal full capacity value 
representing a nominal full capacity of the battery; 

after each identified end of one of the 
charge-discharge cycles, if the uncertainty value is 
20 less than a given percentage of the nominal full 
capacity value, then the processor calculates the 
actual full capacity cf the battery. 

97. A battery pack according to Claim 52, 



25 



wherein : 



and 



the processor further, includes 

i> means to determine a correction value, 



ii) means to determine tne capacity of th 

3Q battery at the ends of the charge-discharge cycles- 
and 



e 



35 



AMENDED SHEET (ARTICLE 19) 



WO 96/155*3 



PCIYUS95/14543 



-167- 

^ a- the end of a given charge-discharge 

cycle, when the processor calculates a new value for 
the actual full capacity value of the battery, the 
processor calculates said new value according to the ' 

5 equation 

nCA?^ - oCAP^ + (oCAPrcJx - CA?^ 
where: nCAP r: . is the new value for the actual full 

capacity of the battery, 
oCAP rc is the most recently previously 
10 calculated value for the actual full 

capacity of the battery, 

x is the correction value determined by the 
processor and 

CAP*u. M is the capacity of the battery at the 
end of the given charge-discharge cycle, 

98. A battery pack according to Claim 97, 
wherein the means to determine the correction value 
includes means to determine the correction value based 

20 on battery temperature and battery current. 

99. A battery pack according to Claim 38, 
wherein the means to determine the correction value 
includes : 

a look-up table having a multitude of stored 
25 values; and 

means to select one of said stored values 
based on the battery temperature and battery current. 

100. A battery pack according tc Claim 96, 
wherein the predefined calculations further include 

30 
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1 calcul "ing Che uncertainty value at ar-rf*,- 

Cimes. *<m*e at predeterr.ineci 

wherein J^' * ^ aCCOrdi ^ to Claim 100, 

wherein toe uncertainty value is reset to zero 
5 given times. at 

102. A battery p dc * according cc CTaim ini 
wnerein: — ain 

each charge-discharge cycle has a -harairn 
io Portion and a discharging portion; ^ 

Che processor includes means -o detect a 

=y": M ! ar?in9 P ° rtiCn Sf '^-^charge 
ye-*, and to terminate the charging portion of the 

15 charge-discharge cycle when one o* said end of k 
conditions is detected; ano ° £ 

to Jafc Fr ° C8SS0r reaets uncertainty value 

to zerc when one of aa-d «nw v 

detected . Charge COnditio « i- 



20 



wherein : 



1C3. A battery pa=k according to Claim 1C2. 

each charge-discharge cycle has a chars- -<=, 
Portion and a discharging port.br.; ^ 

25 , th * P roce "cr includes, means to detec a 

du.xng . he discharging portion of each charge- 
discharge cycle, and to terminate the discharging 

30 enc o. d.scnarge conditions is detected; and 
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1 the processor resets the uncertainty value 

tc zero when one of said end of discharge condition* 
is detected. 



104. 



10 



A battery pack according to Claim 101, 

5 wherein: 

each of rhe charge-discharge cycles has a' 
charging portion and a discharging portion; 

the processor includes means zo determine 
the accumulated amount of current conducted to the 
battery during the charging portion of each charge- 
discharge cycle; and 

when the uncertainty value is calculated 
during -.he charging portion cf one cf the charge- 
15 discharge cycles, the calculated uncertainty value -s 
based on the accumulated amount of current conducted 
to the battery during the charging portion of said one 
charge-discharge cycle. 

105. A battery according to Claim 101 

20 wherein: 

each of the charge-discharge cycles has a 
cnarging portion and a discharging portion; 

the processor includes means tc dete-nr - e 
25 the accumulated amount of current discharged from the ' 
battery during the discharging portion of each charge- 
discharge cycle; and 

when the uncertainty value is calculated 
wiring the discharging portion of one cf -.he charge- 
3Q discharge cycles, the calculated uncertainty value is 
based on che accumulated amount of current discharged 
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x from the battery during the discharge portion of sa'd 
one charge-discharge cycle. 

. 106. A method of operating a battery system 

having a rechargeable battery, a processor and a 
5 memory area, the method comprising: 

connecting the rechargeable battery to a 
oattery powered device to supply electrical power 
thereto; 

10 sensing, and generating analog signals 

representing, battery voltage, battery temperature and 
oattery current; 

converting said analog signals to digita' " 
signals representing battery voltage, battery 
15 temperature and battery current; 

storing data values m the memory area, said 
stored data values including at least values 
representing battery voltage, battery temperature and 
battery current; and 

the processor performing predefined 
calculations using said digital signals, including the 
step of calculating actual full capacity of the 
oattery at predetermined times. 

107. a method according to Claim 106, 



20 



25 



wherein : 



the battery has charge-discharge cycles, < n 
each of said cycles, the battery is charged and 
discharged; 
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cytlM iM,t seiec " d «~ « «- 

10 »h.«i„: : ° 8 ' ^ met ^cd according to Claim 107, 

'„,„.„. S " P " P«£cr^.,g pr.ctefl n .d 

calculations furtho- 

Proc esscr inClUdeS the Ste P s the 

15 recresenunl " inCaining an «««rt.incy value 
^presenting an uncertainty ir ch- *ui ' — 
the battery, and y * ul - ca P*city of 

U) maintaining a nominal f u n M ta ef f U 
value reprasentina - n«m- • - capacity 

a nomine ' f ■• i i ^ _ — . ^ . . 
20 battery; and capacity of the 

the step of calculating the actu,- , ■ 
capacity 0 * -Ha actuax ful_ 

1 o. ..he battery includes the s<-eo C f 
each identified end of one - th. -! 

cycles, c^cula-i™ J ~ ^arge-discharge 

f i-i-cuuang the actua 1 *-'t . 

bacterv if ,k. * capacity of the 

*«y if the uncertainty value is less * han a 

Percentage of the nominal f-r CMIelf 3 

i-x-c capacity value 

"9. A method according to Clair ir* 
wherein: ain: 1Cc > 
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the step of performing predefined 
calculations further includes the step cf determining 
a correction value; and 

the step of calculating 'the actual full 
capacity of the battery includes the step of 

calculating a new value for the actual full 
capacity of the battery -according to the equation 

nCAPfv - oCAPp- + (oCAPrrJx - CAP Rfc:lf 
where nCAP, v is the new value for the actual full 

capacity cf the battery, 
cCAFn: is the most recently previously 
calculated value for the actuai full 
capacity cf the battery, 

x i3 the determined correction value, and 
CAP^ is the capacity of the battery at the 
time said new value is calculated. 

110. A method according to Claim 109, 
wherein the step of determining the correction value 

20 includes the step of determining the correction value 
based on battery temperature and battery current. 

111. A method according to Claim 110, 
wherein the memory area includes a look-up table 
having a multitude of stored -values, and wherein the 
step cf determining the correction value includes zhe 
step of selecting one of the values f rem the look-up 
table on the basis of the battery temperature and the 
battery current. 

112. A method according to Claim LOS, 
wherein the step of determining the uncertainty value 
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includes the step of calculating the uncertainty, value 
at predefined times 

113. A method according to Clairr. 112, 
wherein the step cf determining the uncertainty value 
further includes the step cf resetting the uncertainty 
value to zero at given rimes. 

114, A method according to- Claim 113, 

wherein : 

the method further includes the steps of 

i) charging the rechargeable cattery 
during each charge-discharge cycle, 

ii) discharging the rechargeable battery 
curing each charge-discharge cycle, and 

iii) during the discharging step, the 
processor detecting one of a plurality of predefined 
end of discharge conditions, and terminating the 
discharging step when said one of said end of 
discharge conditions is detected; and 

20 the step of resetting the uncertainty value 

to zero includes the step of 'resetting the uncertainty 
value to zero when one of said end of discharge 
conditions is detected, 

115. A method according to Clair. 113, 

wherein : 

the method further includes the steps of 

i) charging the rechargeable battery 
during each charge-discharge cycle, and 

ii) discharging the rechargeable battery 
during each charge-discharge cycle; and 
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wh. r . in! nwthcd according cc Claim ^13 



the method f n>-r k« 

od further includes the steps of 

15 ^ring each ^JZ/^ 9 "= h "S^e battery 

15 cr.aroe-d la charge cycle, and 

* ai3 -narge cycle; and 

^ determining r>« =. - ~ . 

rn., ,. - tn e accumulated , 

charge discharged frnm *w >. c am °unt of 

... . 9W £r0n; the battery du--n« 

discharging step, and 7 U ~ n9 the 

aur A „ g the discharging step , * 1U * iS «^uiated 

5 uncertainty « n . on ^ J.^^* 

amount of charge d iscr a ~ed f ° f ^ lated 
Charging step ? ^ ^ 

il'. A batte-v n*-i- 

pa^Jc comprising: 
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^ terminal meang for connecting the battery 

pack tc a battery powered device and to a battery 
recharger; 

a battery including at least one 
5 rechargeable battery cell connected tc the terminal 
means, said battery having 

i) a discharge mode fox supplying 
electrical power to the battery powered device, ana 

ii) a charge mode for receiving electrical 
2-0 power from the terminal means; 

sensing !neans fcr sensing and generating 
analog signals representing battery voltage, battery 
temperature, and battary current; 

an analog-to-digital converter for receiving 
said analog signals and converting said analog signals 
to digital signals representing battery voltage, 
battery temperature, and battery current; 

a memory area for storing data values 
20 including at least values representing battery 

voltage, battery temperature and battery current; and 

a processor connected to the analog- to- 
digitai converter fcr receiving the digital signals 
therefrom and for performing predefined calculations 
using said digital signals, the processor including 

i) means tc calculate an uncertainty value, 

and 

ii) means to calculate one cf said stored 
data values at defined times if the uncertainty value 
is below a given level. 
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1 where - r th i:8 ' A b3Ctery PaCk ac «^n g t= Claim 117| 
*nere-r. the means *-n <- * i 

»i-..c. 1 c. 1 „.: ;iutT: £ \z :. £ ,;:r d :rv a " 

JCAOX given level, 

where-n r^' 9 ' * ' b " t,ry pack "ceordln, to Claim U3f 
wnere^n the means to calcL--.^ f ^ ' 
reser5 _ aicuace tne uncertainty va'ue 

10 un cer^nty vaiue to zero at Dre d.^^ < • 

times. - Drea *<-ermined 

120. a method of ©Derating a batror, 
having a r echflrnai , , . 9 a Ca "ery system 

<s -ecnargeable ba:'-erv a 

a U - Br / r a processor »nH - 

"••-cry area, th . methcd conprising: ^ ° 

15 h*t* conn *"ing the rechargeable battery to a 

a-ttery powered device to supoiy elects ! 
thereto; eiectricax cower 

sensing, and generating analog signal 

*> :::;:;: n ::::;r" ry — — - 

sian*, COftverci "C 9 aid analog signals to dig- ~ al 
«»n.l. representing battery voltage, battery 
temperature and battery current; 

25 „ storing data values in the memory a-ea Sai H 

* stored +-a TrCk i . y a -«<a / said 

ea _ata values including at least values 

representing batfrv VP u., B . 

a «n_v_ry vc-tage, oattery teroera-ur. , 
battery current; and temperature ana 



30 



eal~.ii *■ "* nepr0Csasor P«forming predefined 
cal^.atapr.s using said digital signals, i~- ud < no p . 
steps of Jai no t.^e 
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1 i. calculating ar. uncertainly value, and 

ii) calculating one of said stored data 

values a: defined 4-im Q „ .• e -i. 

uexinea times if the uncertainty value is 

below a given level. 
5 121. a method according tc Claim 120 

wherein the step of calculating one of 53 id stored 
data values includes the step of calculating said o~e 
of said stored 'data values at each of said defined 
^ times if and only if at said each of said defined 

times che uncertainty value is below the given level. 

122. a method according to Claim 120, 

wherein: 

che battery has charge-discharge cycles, 
15 ^ch cf said cycles having a discharging portion and a 
charging portion; 

in the discharging portion of each of se id 
cycles, current is discharged from the battery; 

in the charging portion cf each of said 
20 cycles, current is conducted to the battery; and 

the step of calculating the uncertainty 
va.ue includes the steps of 

i) in the discharging portion of each of 
said cycles, calculating an uncertainty in the 
accumulated amount of current conducted from the 
battery during the discharging portion of che cycle. 

ii) in the charging portion cf each of said 
3Q cycles, calculating an uncertainty in the accumulated 
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1 amount of current discharged from the battery duri-g 
the discharging portion of .the cycle. 

123 ' A circuit for making a series 
mathematical calculations, comprising: 

5 ' neans zo calculate a defined value; and 

rcaans to asses a potential inaccuracy • r. 
said defined value. 

124. a circuit according to Claim 123, 
^ wherein the means to calculate the defined value 

includes means to calculate the defined value a- 
defined cimes if the potential inaccuracy in sai "cL 
defined value is below a given level. 

125. a .method for making a series of 
15 mathematical calculations, comprising: 

providing a series of values to the 
processor; and 

the processor, using said senes-of values 
to calculate a defined value and to asses a octen-al 
inaccuracy in said defined value. 

126. A method according to Claim 125 
wherein the using step includes the step the 
Processor calculating the defined value at defined 

-imes if the octen-ial 'Mr-r.^,, j . 

^ . -nac. uracy in said defined 

va.ue is below a given level. 
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1 r^h, .J 27 ' A combin « ti oa Portable computer- 
rechargeable battery, comprising: 

a portable computer; 

a rechargeable battery system including ' 
i> terminal means connected to the 
portable computer, 

11) a rechargeable batr»ru 
, ' c oattery including at 

least one rechargeable batterv «„ 

i oattery cell connected to the 

terminal means, 

10 

sensing means for sensir.o, and 

lT*T n l anil ° 9 SignilS -P-entino/battery 
vcage, battery temperature, and battery current- 

re-eivira *" ^^"^S^ converter for ' 

15 an L " Snal0g Si9nalS 3nd "-^ting said 

: : S :;; S t0 — representing battery 

°^age, oattery temperature, and battery current. 

d ^. al V> S proceasor connected to the anaicg-tc- 
d-g--al converter for rece'vi-c -he Him-*- 
'0 the-**™* , * -e.vi..g „n e digital signals 

a..a rer performing predefined calculations 
using sa*d diaifai «,.. •. uo - s 

/ digital signals to calculate values for 
defined variables, 

in- -u:ng at least values representing battery 
vo.tage, battery temperature and battery current; . 

a data bus connected to the portable 
computer and the battery system to transmit data 
oetween th. portable computer and the battery system; 
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whereir. the portable computer includes means 
for transmitting messages over the data bus to the 
processor requesting said .calculated values; and 

wherein the processor includes means- for 
receiving the messages from the computer and, in 
response to receiving said messages, transmitting to ' 
the computer the calculated values. 

123. A conbina tier, according to Claim 127, 
wnereir. all of the digital values needed by the 
processor to perforrr. said predefined calculation are 
received by the processor from the cortbi nation of the 
analcg-tc-digital converter and the memory area. 

129. A corrbinaticn according to Claim 127, 
wherein the processor included means for calculating a 
predicted remaining battery life at a present rate of 
current discharge by the battery. 

130. A combination according to Claim 129, 

wherein: 

20 the processor further includes 

i) means to calculate a remaining capacity 
cf the battery, 

ii) means to- calculate a full capacity, of 
the battery, 

iii) means tc calculate an adjustment 
factor, 

iv) means to calculate an uncertainly in 
the remaining capacity of the battery; and ' 

30 



15 



25 



35 



AMENDED SHEET (ARTICLE 19) 



WO 96/15563 



PCT/CS95/14543 



10 



-181- 

the means *e~ r~t> i i , 

="•=■ -c_ calculating the predicted 

remaining batte-v 1 • -r = i 

, ^ ; atce -y calculates said remaining 

bat.ery life according to the equation: 

T _ C f ~ (c,) fx) - c, 

life, WhSre ' ' ^ " 6 ?rediC£ed fining battery 

t . . # Cr iS the = 4 -=ul*ced remaining capacity 
tne battery ^ 



fcactery, 



20 



C, is the calculated full capacity of the 

C„ is the calculated uncertainty <n the 
remaining capacity cf the battery, and 

15 1 is the battery discharge current. 

wherein: ^ * «eo«U„, to Claim 127, 

Che means for receding the messages from 
t-e computer has an abled state and a disabled «.-.- 

ab' e i. ir '. thS 4bled " ate ' thS receivi "3 M«n. is 
ab.e to receive requests from the computer; 

is d* k, t" diSa£>ied State ' th. receiving means 

xs disabled from receiving requests fro. the compute- 

25 , tflS P rocs3s °* Performs said predefined 

ca leu a tions at regular periods, each of said peri3ds 
havang f irst and second intervals, and 

during the first interval of each of saia 
periods, tne processor performs said predefined 

calculations and places <-h= -,(..;..,„. 

. J -ecei/^ng means in tne 

disabled state. 
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132. A cor.bir.ati.or. according tc Claim 127, 
further comprising a battery re-charger connected to 
the terminal means for supplying electrical power to 
the battery; and wherein: 

the data bus is connected to the portable 
computer, the battery systeir and the battery recharger 
to transmit data between the portable computer, the 
battery system and the battery recharger; 

wherein the battery recharger includes means 
to transmit messages to the processor requesting 
identified values; and 

the processor further includes means for 
receiving the messages from the battery recharger and, 
15 in response to receiving said messages from the 
battery recharger, transmitting to the battery 
recharger the identified values. 

133. A combination according to Claim 12 7 
wherein one of the values stored in the memory area is 

20 a nominal full capacity of the battery. 

134. A combination according to Claim 13 3, 
wherein the processor further includes means to reset 
said nominal full capacity value. 

135. A combi nation according to Claim 127., 
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30 



wherein: 

the battery has charge-discharge cycles, 
each of said cycles having a charging portion and a 
discharging portion; and 

the processor includes 
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i> means to detect ends of the discharging 
portions of the charge-discharge cycles, and 

ii) means to calculate an actual full 
capacity of the battery at the detected ends of the 
discharging portions of the charge-discharge cycles. 

136. A combination portable computer- 
rechargeable battery according to claim 127, wherein: 

the battery has a discharge mode for 
supplying electrical current to the terminal means and 
to the portable computer, and a charge mode for 
receiving electrical current from the terminal means; 

the processor performs a given series of 
calculations at predefined, interval; and 
15 at each of said intervals, 

i) if the battery is in the discharge mode, 
-he processor determines the amount cf charge supplied 
by the battery since the most recent previous one* of 
said intervals, and 

ii) if the battery is in the charge mode, 
the processor determines the amount of charge supplied 
to the battery since the most recent previous one of 
said intervals. 

137. A combination portable computer- 
rechargeable battery according to Claim 136, wherein: 

at each cf said intervals, 
tne processor determines the amount of 
current internally discharged by the battery since the 
most recent previous one of said intervals. 
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1 138 . A combination portable comoyr er - 

• -chargeable battery according to ciai. 137,' wherein: 

saia stored values further include a f U 'i 

capacity value represen-iro - p„ii „ 

^"san-ir.g a full capacity of t *e ' 

5 cattery an d a remaining capa"i-v valu* r.., 

. ' ■ - vaxue represent inc 

remaining capacity of the battery; 

the processor periodically re3ets sa , Q f 
capacity value; and 

10 r _ . processcr calculates the remaining 

capacity of the battery according tc the equation 

CAP flU! = CAP,, - - E, * 2 . 
where: pap 4 » i_ 

WPwi 15 the rarcaining capacity of the 
battery, 

15 ^ A? -- *■* che moat recently reset value for 

the full capacity value, 

E * is the amount of charge internally 
discharged in the battery since the t-li 
capacity value of -.he battery was most ' 

20 recently reset, 

is the amount of charge discharged by 'he 
battery since the full capacity value was 
most recently reset, and 

25 " S 3 percenta ?* cf the amount of charge 

supplied, to the battery since the full 

capacity was most recently reset. 
123 • A rre - h °cl of operating a combination 
Portable computer-rechargeable battery system, the - 
3Q recargeab.e battery system including at least cr.e 
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, rechargeable oatte-v eel"" * 

1 _ K * CeAi '. a Processor and a memory 

a-ea, -.he method comprising; 

po-table computer to supply electrical power there^; 
5 ser.sarg, and generating analog sicna's 

representing, battery vcltsce, h a - P -, 

' "-"y 8 ' oa^-e.v temperature ana 

Odutery current; 

converting said analog signals to digital 
■ signals representing battery voltage, battery ' " 
temperature and battery current; 

4 -' ' > "' 1 " memory area -i h 
stored da-.. „!„., inclading „ . eas; vai J s 

15 batcery current,- 

the proe.sscr performing prederined 

valup< „ " — 9 S# - d c -5ital signals to calculate 
values for defined variables; and 

"co., k, rraftSmittir "9 °*=a and messages between .he 
portable computer am + • . 

Php _ P and tne Mt:ar y system, mcludiro 

cne steps 

i) transmitting messages fro- the portao^e 

vaiu* s Processor requesting said calculated 

va^ jes, ana 

sal- m . Fr ° CeSaor ' in response to receiving 

Mi- messages, transmuting :o the computer the 
calculated values. 

140. A method according co Claim no 
wh.erei- • - - - > 
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the battery has a discharge node - 0 - 
applying electrical current t= the terminal means and 
tc .ne portable computer, and a charge mode for 
receiving electrical current from the terminal means; 

the processor performs a niwo- BA • 

tv-_.no a given series of 

calculations ac predefined intervals/ ar.d 

at each of said intervals, 

thp „ 4) lf the barter ^ ia in ch« discharge m0 de, 

Che processor determining the amount cf charge 

'supplied by the ba-te'v S i^« *h» 

. . - a - te -V s-ca the mast recent previous 
one of S£ia intervals, and 

t . " the batter y is in charging ..ode, 

• the processor determining -_„ a „ 0 unt cf charge 

_ supplied tc the batte-v s<icp m- b m„„- 

J-5 • lb -j s—nce tr.e most recent previous 

one cf said intervals. 

141, A method according to Claim 139, 
wherein ail of the digital values needed by the 
processor to perforrr said predefined calculatio-s are 
received by the processor from che combination of t»e 
analog-to-digital converter and the memory area. 

142. A method according to claim 139 
wherein the step of performing the predefined ' 
calculations includes the step of calculating a 
predaczed remaining battery life at a present rate „- 
current discharge cy she battery. 

14 3. A method accordi-g to Claim 139, 



20 



25 



wherein : 
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1 S " P ° f t «"-.ictir.g ;r.essage 5 C o -he 

Processor includes the sten 0 - t^ansmic-L 
to a r»eaivi„„ * ^^^c.ir.g messages 

t-celMng means on the processor; 

aaid receiving xeans has an ab'ed scate s „. 
5 a disabled state; and 

ab.e tc receive requests fro., the corputer; and 

the disabled ^.a^c* ^- ^ 
is disah-** * ' " 8 re=ei ving means 

20 receding requests from the computer- 

.he step of performing oredefired 
calculations includes the steps of 

t reg_l ar periods, each of said periods having f .„. 
15 and second intervals, and 

said pe^odi' thT ng ^ ^ «>f 

caicuL:: 0 ! s ' „ FrOC6S5Cr Per; ~» in * Predefined 
a^saruea state. 
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144. a nethed according to Clair, ;33, 

wherein: 

the comb" nat- < r. 

*-«h« includes a battery 
recnarger connected - ,v,. u 

electr " ., n - ec - e d -O the battery for supplying 
e-ectrxc^ power to the battery; and 

the step of transmitting data and messages 
includes the steps of 93 

U the battery recharger rrar.s.T.ittinc 
r-essages to the processor requesting identify 
values, and 
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procQs c o v I 

ChS * es ^« from the ba ; t ;i r ; SP ° ns * " receiving 
*° the battery re-Wc " rec -^^er, trar. Smlcti 

M5 •- har «« «»• identified values. 

5 wherein the storing steD , ^ 139 ' 

ir , , st «P includes t*-e * 

xn the memory ar»a a Va 1 , P of Coring 

j -<a a value cep-aaerf^^ 
capacity of the battery. nominal full 

14 6. A method according t~ 
10 - ther inCiUdi ^ ^ e steps of: 

=ycle S ; an f SChar9lng ^ >^ery darlng ^ 

Charging C y=l e5 , and ' * e ; ec ^ enas of the 

15 f«U capacity of the barter! a ,1 * " 

^-e discharging cycles e ^ 

1 ^ 7 « A method ac-nr-ii^ 

int.rvsl,. th« p-oc " ° f said 

ev *° jS cne cf said < - 

-™> m method A~^n>-o «~ 
wherein: * — ora.ng to ciaiss : 4 7, 

representing rerr-s,- «-«ning e«p« si - y 

30 -~ include. , ttp , „ p.,^.. 
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< 

1 ""'I 1 " 5 £aU «"P»d«y «lu.. .r.d periodica- ly 

^-e step cf calculating r- e 
c^cu, of the battery incl jd#< ' ; - 

5 calculating th« r. nsin ,„„ y 

ar .„ .. naming capacity of the batte-y 

aceoraing to the equation ' 

^P RJ=X « CA?t : - Z^. - r j. c 

where rap < * ~ w 

4 ls - he rer.air.ing capacity cf t^e 
1Q battery, 

CAJV is the most recently reset value of - hm 
full capacity value, " 

^ the amount of charge internally 
o-scharged in the cattery sir.ce the full 
15 capacity value cf the battery was r.os, 

recently reset, 

*. is the amount of charge discharged by sh . 
cattery since the full capacity value was 
••nose recently rese:, and 

r,- is a percencage of the amount of c^a-ge 
suppliea to the battery since the full 
capacity was rr.es t recently reset. 
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149. A bakery pack comprising r 
terminaJ means fcr connecting the battery 
pack tc a battery powered device and to a battery 
recharger; 

a battery including at least one 
rechargeable battery cell connected tc the terminal 
means, the battery having 

i) a discharge mod* fcr supplying 
electrical power tc the terminal means and tu the 
battery powered device, and 

ii) s charge mode fcr receiving electrical 
power from the terminal means; 

sensing means for sensing, ar.c generating 
15 analog signals representing, battery voltage, battery 
temperature, and battery current; 

an integrated circuit including 

ar - analog-to-dig.i cal converter for 
receiving said analog signals and converting said 
analog signals to digital signals representing battery 
voltage, battery temperature, ano battery current, and 

ii) a processor connected tc the ar.aiog-tc- 
digital converter for receiving the digital signals 
therefrom, and for performing predefined calculations 
using sale digital signals, 

wherein the integrated circuit- comprises a 
multitude of layers, said multitude of layers 
ir.clv.ding upper and lower layers, 
30 wherein said lower layers form a rando-i 

acces; r.emcry area fcr storing a plurality of variable 
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1 Va " es < "id plurality of 

-ncludiag at i ea3 ~ dat _ . f '*-"ble data values 

-lta ge/ cattery r ' pr — B ^ *«t.ry 

5 «««ory area for ."tcri-V ^ * reaa °n±y ' 

values. P-J-**i„y of f ixed da . a 

mas... PF& - " ayers are f —ed using a *' 

10 _ ' ' 

101 * A battery cack a— «*~u 
wherein sale! ' • ' - ac * ording to ciaiai 143 

b «s«y i^tifica-ion ! a * a Uni<?ue 

--on cede. 

15 wherein -.he read^y """1"^ i=COr:lin S « 1«, 

2 o e« res SP . ei ; i ;'. iJ : r , r "^ oni1 ' «-« 

»n.rei.,.. * b " t " y Pack ««=««„, -.c c >e in , 149 , 

each cf the voce- lav. 
>e co.-..t.cine of „ r0U3 an \ P Uy " 5 lwi *' * matrix 

=olur., 3 interacting t0 fo ^, ' r °" $ * nd 

and ^ t0 f ° rm 71 * » wcrix locations; 

each one o* che _ „ . "*n.i, CO r is loca-ed at 

Che matrix : ccarion * . 
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each of the upper layers further includes a 
Plurality of common lines having a common electrical 
voltage level; 

each of the tranaistors includes a source 
terminal and a drain terminal; 

the source terminals of selected transistors 
are directly connected to the drain terminals of other 
transistors; and 

both the source and drain terminals of other 
selected transistors are directly connected to one of 
the common lines. 

156. a battery pack according to Claim 155, 

wherein: 

15 fche transistors in each of said upper layers 

consist of first and second groups of transistors; 

the source terminals of the first group of 
transistors are directly connected to the drain 
terminals of others of the transistors; and 

the source and drain terminals of the 
transistors of the second group are directly connected 
to one of the common lines. 

157. a battery pack according to Claim 155, 
wherein both the source and drain terminals of each 
one of said other selected transistors are directly 
connected to the same one of. the common lines. 

158. A method of customizing a battery 
system for a specific application, the battery system 
comprising a rechargeable battery, sensing means for 
sensing and generating signals representing a 



20 



25 



30 



35 



AMENDED SHEET (ARTICLE 19) 



WO 96115563 



PCI7US95/14543 



-193- 



2 F--rality of battery parameters, and an integrate- 
circuit including «i, a , analcg-to-aigicai convert 
-or receiving said analog signals and converting the 
ar.alog signals -.= digital signals, and (ii, a 

5 processor for receivirc aa - ri « t« - * • - • 

vcvirc sa_c a_7_.a. signals ana fcr 

performing ored 0 * 5 ' 'pr> -.i,,.!,., 

y • ea ec calculations using said dig-tai 

signals, the method comprising: 

forming the integrated circuit from a 
Altitude of layers, sa id multitude of layers 
including upper and lower layers; 

forming a random access memory area frorr the 
lower layers of the ir.tegra,ed circuit, and storing a" 
P-urality cf variable data values in said lower 
X5 la ys"/ and 

forming a read only memory area from the 
-per layers of the integrated circuit, and scoring a 
Plurality of fixed data values in said upper layers. 

159. a method according c© Claim 158 
20 wherein the step cf forming the integrated ci~uit 

includes the step of forming said upper layer by using 
4 metal mask. 5 

16C. A method according to Claim 153, 
wnerein the step of scoring a plurality of fixed data 
values in said upper layers includes the step of 
storing. a unique battery identification code in said 
upper, layers. 

161. a mechod according cc Claim 156, 
3Q wherein che step of forming a read only memory area 
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fron the upper layers includes the step cf s-cring a 
plurality of fixed algorithms in said upper layers, 

162. A method according to Claim 158, 
wherein the battery system is for a customer having a 
r.eed for a specific algorithm, and wherein the step of 
forming a read only memory area includes the step of 
storing said specific algorithm in said upper iayers. 

163. A method according zo Claim 158, 
wherein the step of forming the integrated circuit 
includes the steps of: 

providing each of said upper layers with a 
matrix consisting of n rows and m columns, the rows 
and columns intersecting to form n x m matrix 
locations; and 

locating a respective one transistor at each 
one cf the matrix locations. 

164. A method according to Claim -163, 
wnerein each of the transistors includes a source 
terminal and a drain terminal, and the step of forming 
the integrated circuit further includes the steps of: 

providing each cf the upper layers with a 
plurality of common lines having a common electrical 
voltage level; 

directly connecting the source terminals of 
selected transistors in each of the upper layers tc 
the drain terminals of other transistors; ana 

directly connecting both the source and 
dram terminals of other selected transistors in each 
cf the up per layers tc one cf the common iir.es. 
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165. A method according to Claim 164, 
wherein the transistors in each of said upper layers 
cor.sisr of first and second groups of transistors, and 
wherein the step of forming the integrated circuit 

5 further includes the steps of: 

in each of said upper layers, 
directly connecting the source terminals of 
the first group of transistors to the drain terminals 
of ethers of the transistors/ and 
10 directly connecting the source and drain 

terminals of the second group of transistors to one cf 
the common lines. 

166. A method according to Claim 16C, 
wherein the step cf directly connecting both the 

15 

source and drain terminals cf said other selected 
transistors in each cf the upper layers tc one of the 
common lines includes the s-ep of directly connecting 
the source and drain terminals of each' cf said other 
go selected transistors to- the same. one of the common 
lines. 
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.167. a battery pack comprising: 
terminal means far connecting the battery 
pack to a battery powered device and to a battery 
recharge r; 

a battery including at least one 
rechargeable battery cell connected to the terminal 
means, said battery having 

i) a discharge mode for supplying 
electrical power to the battery powered device, and 

ii) a charge mode for receiving electrical 
power from the terminal means; 

sensing means for sensing and generating 
analog signals representing battery voltage, bartery 
temperature, and battery current; 

• an ana log- to-digital converter for receiving 
sail analog signals and converting said analcg signals 
to digital signals representing battery voltage, 
battery temperature, and battery current; 
20 a memory area for storing data values 

including values representing battery voltage, battery 
temperature and battery current, said memory area 
including a plurality of lock-up tables, each of said 
tables containing a multitude cf values; 

a processor connected to the ans.icg-to- 
digitai converter for receiving the digital signals 
therefrom, connected to the memory area to receive 
values -herefrom, and for performing predefined 
calculations, wherein saici predefined calculations 
require a plurality of values frcrr. the look-up tables, 
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1 and wherein all cf said required values are obtained 
from the look-up tables in the memory area. 

i68. A battery pack according co Claim 167, 

wherein: 

5 . ° n * of " he values stored in the memory area 

is a full capacity of the battery; 

one of said look-up tables^ contains a 
multitude of residual capaci-y correction factors 
stored as a function cf the battery discharging 
current and battery temperature; 

one cf said calculations is a calculation, of 
the residual capacity of chc battery; and 

the residua, capacity of tne battery is 
l 5 calculated according tc the equation: 

Residual Capacity - (Full Capacity) (x) 
where x is based en a residual capacity 
correction factor obtained from said one cf the look 
up tables. 

20 163 * A ~a~-ery pack according to Claim 167, 

wherein: 

the battery has a relative state of charge; 
the battery has a self -discharge current; 
one of said look-up tables contains a 
multitude cf self-discharge currents stored as a 
function cf the battery temperature and the relative 
state cf charge cf the battery;' 

one_of_said calculations is -a calculation. ~6~f " 



25 



30 



— ww_^Wwd I- _ w . . 

the amount cf current self-discharged by the battery 
ever a given time period; and 
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the amount of current self discharged by c-e 
battery over a given time period is calcuia-ed 
according to the equation: 

S - I, it. 

where, s is the amount cf curren- se 1 ' 
ischarged by the battery over the given time oeriod 
At, is the length of the given time period, 



d 



and 



10 



I. is the self-discharge current obtained 
from said one of the look-up tables. 

170. a battery pack according to claim 167, 



wnerein: 



the *»«t«ry has a relative state of charae 
l5 --a a charging current; 

one of said look-up tables contains a 
rr.u.titude of current efficiency factors stored as a 
-unction of battery relative state of chare* and 
battery charging current; 

20 one °- said calculators • « - ~» i ~. -i 

**' — 1 ns - s a caiculation of 

an amount of cha-a* = sj-j ..„..•. 

-na.ge aoded r.c tne cattery over a oiv»- 

time period; 

the amount of charge adaed tc the battery 

ever a given time period s 
2=, 3 ~ 5 -aiwu_ctea acccra:r.o to 

the equation : 

y - lite 

where, C is the charge sdded to-tne battery. 
1 ^-5 the average current suopTied tc -he 
30 battery dur-ng the giver, time period, 
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• fo, said ! U I CUrrent * — el « nc y f -"r obtained 
f-o.n said cne of the look-up tables. 

5 171. A. battery pack comprising: 

terminal means for connecting chs barter- 
pack to a baferu nou,a»«w _i ' 

- ery Powered device and to a ba-te- v 
recharcer/ " " y 

10 3 ba ' ter y including at least one 

rechargeable battery ce' 1 . flr , P - ari „. 

-y <-e — wonnectea to tne termi-ai 

means, said battery having 

iJ a discharge mode for supolyino 
e-ectncal power to ,he battery powered device, and 

15 Powe- fro/- V hargS Md *- f ° r reCCiVi ^ electrical 
powe. from tne terminal means; 

sensing means for sensing and generating 
a si g signals represftntin7 battery 

temperature, ana battery current; 

20 sa^d a , ^ anal0g - tc ~ ci - , 5it a i converter for" receive 
said analog signals and converting said *r„-o • 
to dioih*- 9 saici ana -°g signals 

to digit*, signals representing battery voltage, 

battery temperature, and battery current; 

25 . 3 nemory area Sc - stcring data values 

including values representing battery vcltaoe, bat , e „., 
temperature and battery curr.r.t. said memory area " 
including a plurality of lookup tables, said 
Pluralizy of look-up tables including 

30 i) a first look-up table containing a 

multitude of residual capacity cor recticn'f actors " 
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30 



1 anT 6d &S 4 fUnCti ° n 0f *»«.ry ^charging c -. rre , 
and oactery temperature, <=-rrenr. 

11 J a second lcok-uo table cont a <„ 
multitude o* 8§if.rt(.« h " containing a 

5 function of bat-rv - " 9 * orec " as "a 

oatcery temperature and the ral*-,- 
of charge of f- e r ®ia w iv e state 

^ c " e battery, and 

iii) a third lock-up tab'e . 

multitude - tac.e containing a 

Cltuce of current eff'ciene-r •»,.• 
function cf . he tela ,. - acto " as a 

10 ba-c, - relative state cf charge of t w 0 

oa.tery and battery c^arain-r ~. 

charging current; and 

a processor * 
dici^s' ,n,c - ,d t0 t^e anaiog- c ~_ 

ai Srica J . converter f->r y 

— conn tc r;:: the digica: si?na: * 

15 values there.ro., an/ 5 ^ <° — 

calculations using said d^l"^ 

. * aig.tal signal and values. 

A method of ce*-^*- - r,^ - • 
aavi "o a c.f-e-a--_ng a oattery sye-„ r 

— 9 a re chargeabie batterv , y " >er 
— a - - e * y ? a process- 1 " , 

memory area i-k« s ~ - *-^d a 

-r area, the metnod comprising; 

connectir.o the "ec'nar«.„i 
h a . foi . ' -ecnaigeacle battery r- ., 

oa..tery powered devie- tn ~ • 

thereto; cal ? ow er 

r — se -'*-nc, and generating anaioc s ^ r „-, 

representing, batterv vci-ace b,r^ -5"*-* 
battery current; ' battery camperatura and 

converting said' anaioc s'on-:'* ~- "T 

ce . Be . at ' " bat tery voltage, ba-.tery 

"■•nperature and ba-.tery current; 

s-oring data va'ues - 1 -«-= 
. j •- ,es -n -ne memory a-e- e = , 

s-orec data val'-*»s • ^ ■ ' e= ' saic. 

' a -" li!i -nciudinc * - 

~ -- -eaSu values 
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representing battery voltage, battery temperature and 
battery current; 

storing additional values in a plurality of 
look-up tables in the memory area; and 

the processor performing predefined 
calculations using said digital signals and value* 
from the memory area, wherein said predefined 
calculations require a plurality of values fro* look- 
up tables, and all of said required values are 
obtained from the look-up tables in the memory area. 

173. A method according to Claim 172/ 

wherein: 

one of the values stored in the memory area 
is a full capacity of the battery; 

one of said look-up tables in the memory 
area contains a multitude of residual capacity 
correction factors stored as a function cf the battery 
discharging current and battery temperature; and 
20 the step of the processor performing 

predefined calculations includes the step of the 
processor calculating a residual capacity of the 
battery according to the equation: 

Residual Capacity -(Full Capacity) (x) 
where x is based on a residual capacity 
correction factor obtained from said one of said look- 
up tablea 

174. A method according to Claim 172, 

wherein: 
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1 one o; said look-up -.ables in - he 

-ea contains a altitude of self-disc^'! 

vaiu es stored &s a fuRceion a2 ; ;t; y 9 c;::r n : 

and -he relaviv- . «««ry tenp«. 4: . Jt , 

p =1 :; a = : cui " ion5 «» « «. 

ir, 5 dn amount of carre^ epi^ 
cl»ch.rged by the battery over g < ven * i' me n 
io -cording C o the equa , icr , , . ; ^ "« 

by tn. oattery over the given ti.e oeriod , 

is the length of the given ciTP . 
and y*ven cixe period, 

15 - : * iS the 3elf -=J.-i3charge current nh r. • 

from 3 a 'd « n * A * „.„ , , y c-r.ent obtained 

° ~ ne °- tn « look-up tables, 
wherein: 115 ' * aCCOr = in 9 'e 172, 

20 are. „ ™ °* l00k " U? the .e.ory 

. a ; c " t inS a mui ^tude of current efficiency 
^a-tcrs stored as a function of batt»rv r«i, , 
of charge and battery charging - j;^ ~- 

■ , ---inedt\ct:: t :::t:;::i:7 p — 

25 tai °" s lnc -^ de - tne step of 

t""' " am ° U "- t ° f Ch "'« *> the bakery 

°" er ° 91V5 '"- accord, „ t „e .,„«„„.. 

^ere. c is the charge added to the bafe-y 

30 1 - 3 average current suoplied — t w e 

batterv du-iny. !-•„ * c ~ -- ' c -- s 

- ^- Xn<3 tn «- ?««n fi- s period, and 
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1 . EiSi CJ:ren: efficiency factor obtain 



from said one of the lock-u 



ed 



p cajies. 
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